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The Journal of Pharmaceutical Sciences 
considers manuscripts for publication in 
the following categories: 


Review Articles—Summaries covering the more recent ad- 
vances in am area in which the author has been actively 
engaged w:Jl be published as review articles. Such papers 
are intended to be critical evaluations of published reports 
which have previously appeared in the scientific literature. 


Research Articles—Reports of original laboratory research 
in pharmacy will be considered for publication in this section. 
Pharmacy is defined here in the broadest sense, and includes 
pharmaceutically related investigations in allied basic disci- 
plines. 


Technical Articles—Reports of an origins! nature which de- 
scribe investigations or developments dealing with phar- 
maceutical processes, technology, engineering, or their ap- 
plications will be considered for publication under this heading. 


Drug Standards—Reports which include proposed specifica- 
tions and assay procedures for basic drugs or their dosage 
forms will be published in this section as they become avail- 
able. Such reports will generally include discussions of the 
methods proposed and an explanation of the procedures 
chosen. 


Netes—Brief reports, generally describing original research of 
a more limited nature, will be published under this heading. 


Communications—Short communications which report new 
findings of outstanding importance will be given prompt 
publication after review and acceptance. Corrections and 
reinterpretations of previously published reports will also 
be considered. Communications should generally be written 
in paragraph style, without figures, tables, or headings other 
than a title. 


Except for review articles, suitable contributions are welcome from 
authors in any of the above categories. Review articles are 
solicited by special invitation from the Editor. All manu- 
scripts, except those invited, are subject to review both by 
the editors and qualified outside referees. It is understood 
that manuscripts submitted have not been published previ- 
ously and are not being submitted elsewhere. 
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— The Editor comments 


APPLICATION OF QUALITY CONTROL 


The term “quality control’ has been accorded a great 
deal of attention in recent months, particularly as 
it relates to the manufacture of drugs. Many 
speeches, journal articles, and even symposia have 
been devoted to the subject and have emphasized 
the desirability, and even necessity, of such procedures 
in the preparation of pharmaceuticals. So complete 
has been the acceptance of this concept that to op- 
pose it would be comparable to voicing opposition 
to motherhood, God, or country. 


Unfortunately, however, defining ‘‘quality con- 
trol”’ in specific terms and procedures is most dif- 
ficult. Almost everyone has at least some difference 
of opinion as to just what is embraced when he re- 
feres to such a system. The Pharmaceutical Manu- 
facturers Association, and particularly its Pharma- 
ceutical Contact Section, is to be commended, there 
fore, on the development and adoption of a state- 
ment of general principles of control of quality in 
the drug industry. This marks a large and signifi- 
cant step forward in delineation of what heretofore 
has been a fuzzy, if not obscure, concept. The im- 
portance of this action has been emphasized by the 
favorable editorial comment in the pharmaceutical 
press, and the endorsement of the principles by various 
other organizations. 


The manner of application of these principles will 
vary widely from one manufacturer to another, de- 
pending upon the specific methods and procedures 
chosen. Such variation would reflect the individual 
needs and requirements of the products and estab- 
lishments involved. The important thing, however, 
is that the principles should actually be applied in 
practice, and to the fullest extent possible. It is 
our opinion that the public should be able to expect 
this as a minimum requirement which has been met 
in the course of producing medication for its use, 
regardless of where those drugs happen to be manu- 
factured or prepared. 
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Hyland Laboratories 
4501 Colorado Blvd. 
Los Angeles 39, Calif. 


Please send me catalog of: 
Special Antisera and Plasma Fractions 
Components for Tissue Culrure Media 


Name 


Firm or 
Institution 


A dd ress 


i 
| 


City Zone 


Now available 
CRP and CxRP 
Antisera 


SEND 

THESE 


The usefulness of CRP and CxRP Antisera in pharmacology has been 
described in a recent article: “Application of C-Reactive Protein 
Responses in the Evaluation of Acute Drug Toxicity” by R. F. Riley, 
M. Coleman, Y. Hokama and W. Hanafee, Journal of Pharmaceutical 
Sciences 50: 444-445 (May) 1961. 


CxRP Antisera produced in goat, sheep and horse and CRP Antisera pro- 
duced in rabbit, goat, sheep and horse are available from Hyland. Also 
available are other special antisera to serums and serum fractions, as well 
as a variety of animal and human plasma fractions. We also prepare spe- 
cially-processed animal and human blood products for use in tissue 
culture and virus studies. 


Strate 


For complete listings of these products just mail coupon above. Or let 
us quote on your special needs. 


HYLAND LABORATORIES GED) 


4501 Colorado Blvd. 
Los Angeles 39, Calif. 


The Massachusetts College of Pharmacy 


Graduate study in Boston has always appealed strongly to students in the 
health professions 
from all parts of the world 
facilities for graduate work are outstanding in this area. 


The Massachusetts College of Pharmacy is located in this great educational center. 
unusual opportunities to graduates of colleges of pharmacy who are interested in further study 
in pharmacy, pharmaceutical chemistry, and pharmacognosy. 


For additional information, write to HOWARD C. NEWTON, Dean 


Longwood Avenue, Boston 


The environment is stimulating and attracts students 
Library, laboratory, hospital, and other 


It offers 


870 LABORATORY 


CHEMIST WANTED 


SERVICES 


With good technical training and 2-4 years’ 
product development experience formulat- 
ing emulsions in the cosmetic or allied 


fields. Position has good potential for ad- 
vancement. All inquiries treated as strictly 
confidential. Write 


Dr. Jack J. Goodman 


THE TONI CO. 


Merchandise Mart Chicago 54 


for the 
FOOD & DRUG 
INDUSTRIES 


Drug Evaluation, Food Additive Studies, 
Chemical and Biological Assays, 
Clinical Studies, Research 


LaWact & HARRISSON 
Div. P, 1921 Walnut St., Philadelphia 3, Pa. LO 3-4322 


| 
| 
1 
= 
- 
4 
Be. 


Vol. 50, No. 8, August 1961 


Have You A 
Formulating Problem? 


Almost everyone in the Pharmaceutical 
and Cosmetic industries will answer 
“Yes” to that question. 


Fast moving industries have the 
faculty of generating problems, 
constantly and continuously. 
That's why research is a continuing 
project at the R. T. Vanderbilt Co. 
Specialties Department laboratories. 
We develop, test and age formulas, then 
record our findings in Technical Bulletins, 
which are yours for the asking. 
These bulletins may well hold the 
answer to your formulating 
problems — why not write 
for information today? 


R. T. VANDERBILT CO. 


Spectalties Department 
230 Park Ave. 
State Application 
) Please send Formula Bulletin 100 B 
) Please send VANCIDE Bulletin 90 B 
Please send Formula Finder 


(Please attach coupon to your Compony letterhead) 


VEEGUM® 
Suspends, emulsifies, thick- 
ens and is thixotropic. It 
is purified colloidal mag- 
nesium aluminum silicate. 
It is non-toxic, non-irritat- 
ing, tasteless and odorless. 


VANCIDE ® 
A full line of Bactericide- 
Fungicide products for phar- 
maceutical and cosmetic 
use. Non-irritating! Non-tox- 
ic! Safe! 


Our new Formula Finder has 
a complete listing of Spe- 
cialties Department form- 
ulas. Send for yours today. 


New York 17, N. Y. 
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RESEARCH PHARMACIST 


Abbott Laboratories’ pharmaceutical re- 
search department is seeking pharmacists 
to conduct basic independent research in 
pharmaceutical technology. Qualifications 
include an M.S. or Ph.D. degree in pharmacy 
or physical pharmacy with some training in 
statistics or physical chemistry. Experience 


valuable but not essential. 


Send resume to 
Richard Cordell, Personnel Department 


ABBOTT 
LABORATORIES 


NORTH CHICAGO. ILLINOIS 


Qualified applicants considered regardless of race, creed 
color or national origin 


COMPLETE 
LABORATORY 
SERVICE! 


Small and Large Animal Research, 
Toxicity Tests, Human Patch Tests. 
Bacteriology — Screening, Testing. 
Research Bactericides, Fungicides 
Chemistry—Visible, Ultraviolet, Infrared 
Spectroscopy, Chromatography. 
New Products. Pilot Plant. 


SCIENTIFIC ASSOCIATES® 
3755 FOREST PARK ‘AVENUE 
ST. LOUIS 8, MISSOURI © JE. 1-5922 


Looking For... 
ADVERTISING RESPONSE? 
Just as you noticed and are now 
reading this insertion, so too would 
many of our readers take note of your 
advertisement if it were carried here. 
Why not consider this publication 
further in your promotion plans? 


Inquiries and requests for Rate Card should 
be ressed to: 
Journal of 
Pharmaceutical Sciences 
2215 Constitution Avenue, N. W. 
Washington 7, D. C. 


Display the APhA 
Code of Ethics 
...@ mark of 


professional prestige 


Beautifully 
printed in 3 colors 


ON LAMINATED BOARD 
12” x 18", washable, permanent, “easied” for 
ter display, “ringed” for wall 
ON HEAVY STOCK 
itable for framing, 10” 
Postpaid . . 


American Pharmaceutical Association 
2215 Constitution Ave., Washington 7, D.C. S 
Please send me... .. copies of the A.Ph.A. Code of 


Ethics on [] Laminated Board [] Heavy Stock. 
Enclosed is my checked (or money order) for $ 


| IV 
a 
| 
* 
Ba 


INSIDE LOOK 
FLAVORS 
THAT SELL 


Look closely at any successful nutritional product. Taste it, compare it. Why is it some 
flavors have compelling consumer appeal? 


IFF flavors sell and resell for two important reasons. They are exclusively designed for 
your product, your markets—and they are the finest flavors available. IFF flavors have 
created new tastes in all types of nutritional and drug products—liquid, tablet, and 
powder—improved established products, and created brand-building sales the world over. 


To manufacturers interested in selling abroad, IFF can supply your flavor—uniform in 
taste—from any of its plants throughout the Free World. 


For an inside look at flavors designed to sell your products, contact IFF. 


FLAVOR DIVISION 


at i W INTERNATIONAL FLAVORS & FRAGRANCES INC. 


= 417 Rosehill Place, Elizabeth 2, N. J. 


Leading Creators and Manufacturers in the World ef Flaver 
— AIGINTNA «CANADA (FRANCE «GEPMANY HOUAND NORWAY SOUTH AFCA SWEDEN SWITZERAND USA 
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An attractive 

PERMANENT BINDER for 
publications of the American 
Pharmaceutical Association 


% Do your own binding in only a matter of minutes 
% Opens flat as a bound book 

% Made of durable, imitation leather 

*% Will preserve your Journals permanently 

% Each cover holds 12 issves 

% Easy to follow instructions 

% Stamped with title, year and volume number 


Cost of binders: 
Journal of Pharmaceutical Sciences 


(also for Scientific Edition) 
(orders of 2 or more) 


each $3.55 
each $3.05 


Journal of the American Pharmaceutical Association 
(also for Practical Edition) each $4.05 


Postpaid in U. S. 


MAIL THIS COUPON NOW 
"MONEY BACK IF NOT SATISFIED-——- 
SUCKERT LOOSE LEAF COVER CO. 


11911 Grand River Ave., Detroit 4, Michigan 


Send... .binders for the 


. ...Journal of Pharmaceutical Sciences 
year (1961) 


. .. Journal of American Pharmaceutical 
Association 
year (1961) 


. .« Scientific Edition for 


Journal of Pharmaceutical Science: 


F. 


NATIONAL FORMULARY 
ELEVENTH EDITION 


Official specifications for drugs 


Compendium recognized under 
the federal Food, Drug and Cos- 
metic Act Standards enforced by 
the Food and Drug Administra- 
tion 


The 11th Edition, official from 
October 1, 1960, provides mono- 
graphs for 815 basic drugs and 
dosage forms, along with a wealth 
of valuable related information of 
interest to the educator, research 
worker, and pharmaceutical prac- 
titioner. 


Published by the American 
Pharmaceutical Association; dis- 
tributed for the Association by 
J. B. Lippincott Company. 


J. B. Lippincott Company 
East Washington Square 
Philadelphia 5, Pa. 


Please send copies of the 
National Formulary, Eleventh Edi- 
tion (N. F. XI), at $9 each, to me 
at the address below. My check is 


enclosed. 
Name 


Address 
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The Acid Test 


No human stomach can “tell” you its 
reactions, but the Reheis gastronometer 
simulates exactly a living stomach’s reaction 
to antacids. pH levels are accurately 
recorded as artificial gastric juice is fed 
into the reaction cell, while an overflow 
simulates the normal loss of contents from 
the stomach. 


Type F-MAI11 Tested. These tests have 
shown patented* Reheis Aluminum Hydrox- 
ide-Magnesium Carbonate Co-Dried Type 
F-MA11 to be the ideal antacid. This finely 
divided white powder reaches pH4 in the 
stomach within two minutes and maintains 
that level for at least two hours. 


For Tablets, Capsules or Powders. Though 
Type F-MA11 is a powder and can be used 
to formulate antacid tablets, capsules or 
powders, its performance equals or exceeds 
that of liquid preparations. Its dry form 
makes it especially suitable for use by the 
ambulatory patient. 


Does your product meet the antacid test? 
*U.S. Patent No. 2,797,978 


Reheis Company's gastronometer — the 
artificial “stomach” thet records simulated 
_ stomach reaction to given doses of antacid. 
Tank of artificial gastric juice is ot Upper 
leit, Glass reciction cell is at lower center. 


This glass reaction cell and 
associated equipment repro- 
duces stomach reactions. It 
is equipped with a constant 
speed agitator and pH 
electrodes. an 


REHEIS COMPANY, INC. 
Manufacturers of fine chemicals and biologicals 
Main Office, Research Laboratories and Plant 
Berkeley Heights, New Jersey 
Other plants: 
Stamford, Connecticut * Passo Fundo, Brazil * Montevideo, Uruguay 
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New! 


ZRUTSCHRIFT FUR VERSUCHSTIERKUNDE 


(Journal for the Science of Laboratory Animals) 


Editors: Couns, Hannover; Uornst Hermecke, Jena; Sperecer; Hannover- 


Linden. 


The following persons are presently members of the advisory council: K. Anvo, Tokyo; B. k 
Barna, Bombay; KR. GOnnewt, Elberfeld; A. Gaarri, Berlin-Buch; E. L. Green, Bar Harbor, 
Vaine; UH. Jena; W. Lane-Perrern, Carshalton; O. Mtutsock, Amsterdam; H. E. 
PoGcosianz, Moscow; Rounern, /sle of Riems; G. Munich; M. 


Sanounny, Gif-sur-Yvette; W. Scudren, Tibingen; P.S. Warts, Adelaide. 


A significant increase in the utilization of experimental animals is evident in all fields of 
medical and biological research. As a result, greater attention must be devoted to factors of 
quality, such as heredity and hygiene. Varieus additional species of animals are also being 
employed in experimental studies. This requires the treatment and discussion of numerous 
problems and makes a separate periodical necessary for publication of these reports. In the 
“Journal for the Science of Laborato: y Animals,” the first journal of this kind in the inter 


national field, will be published: 


Original works dealing with the anatomy, physiology (standard values), systematics, ecology, 
history, ete., of the kinds of experimental animals, the care of animals (rooms for animals, 
cages, feeding, etc.), animal breeding (methods of breeding, animal families, genetics), illnesses 
of experimental animals (etiology, pathological anatomy, histology, and physiology) and their 
prevention, parasites and their control, methodology of experimentation with animals. Surrey 


reviews, reviews of books, noles and communications. 


Vanner of publication and conditions of subscription or purchase: Six issues published in an 
unrestricted sequence form one volume. Size of each issue will be 32 printed pages. Format 
17 X 24cm. The first issue will be edited during the second half of 1961. Price per issue DM 


4.50 ($1.07). 


VEB GUSTAV FISCHER VERLAG JENA 


German Democratic Republic 
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tylated L S. Parent #2,725,334) 
; Modulan is an extraordinarily protective 
7 and soothing emollient for use on the 
¢! most delicate tissues. It imparts soft waxy 
hydrophobic films to skin and hair in both 
i emulsified and anhydrous preparations 
: such as ointments, lotions, solutions ; 
soaps and shampoos. Modulan is almost aS 
odorless, oil soluble and hypo-allergenic. 
AMERCHOL 
AF 
Cholesterol Ointment Bases and Emulsifiers 
=) are natural (lanolin-derived) hydrophilic products which a 
ee form stable pharmaceutical ointment vehicles. The 5 
co Amerchols induce rapid drug release and promote optimum healing rates. They fe 
are non-irritating and hypo-allergenic, possessing unusual emollient and 
spreading properties. 
merican Cholesterl INCORPORATED 
AMERCHOL PARK EDISON, NEW JERSEY 
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MAKING YOUR PRODUCTS MORE ATTRACTIVE 
TO YOUR CUSTOMERS ...GET THE MEER CATALOG 
AND PRICE LIST BY WRITING TODAY! 


Pennsylvania Refining Company 


BUTLER 32,PENNSYLVANIA 


Branches: Cleveland, Ohio and Edgewater, N. J. 
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‘Flavors for persuasion. 


Firmenich technicians have prac- 
ticed the art of creating persuasive 
masking flavors for many years. Their 
mastery in the reconstruction of 
elusive natural flavors through the 
isolation, identification and syn- 
thesis of aromatic bodies has been 
officially recognized by a Nobel Prize 


and five American Chemical Society 


International Awards under the 

Fritzsche Grant, the latest in 1961. 
Firmenich has also made these 

flavors of unchallenged purity and 

consistency available 

to the pharmaceutical 

industry throughout 


the world. When used in ethical and 
proprietary preparations, these taste- 
persuading flavors not only make 
many of them palatable for children, 
but for adults and the geriatric 
patient as well. 

Firmenich technicians are happy 
to lend you their world-recognized 
creative talents as an extension of 
your own research and application 
laboratories in the art of imparting 
taste-persuading flavors to your 
pharmaceuticals. For generous 

working samples and 
individual technical 


assistance, write : 


FIRMENICH INCORPORATED 


WEW YORK: 250 WEST 1 


1416 CRES 


TRECT. NEW Y 


FIRMENICH OF CANADA, LIMITED 


ONTAR ) WALL 


TORONT 


INTERNATIONAL 
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Review Article___ 


Biosynthesis of the Ergot Alkaloids 


By V. E. TYLER, Jr. 


ALKALOIDS were formerly defined as 

compounds which give rise to lysergic acid 
on alkaline hydrolysis, but this definition has 
With the report of 
the discovery of agroclavine by Abe (1) in that 
year and the subsequent discovery of a whole 


been untenable since 1948 


series of clavine alkaloids, it has become neces 
sary to consider ergot alkaloids as derivatives of 
the ergoline nucleus 

The occurrence of the ergot alkaloids is not 
restricted to sclerotia of Claviceps purpurea (Fries) 
Tulasne parasitizing the inflorescence of rye 
They 
have since been detected in numerous species 


plants, from which they were first isolated. 


and varieties of Claviceps infesting many differ 
ent species of grasses. 

In 1953, Murrill (2) reported that Clitocybe 
subilludens Murr., a member of the A garicaceae 
found in northern Florida in the vicinity of Canary 
Island palms, contained principles with physio- 
logical activities resembling the ergot alkaloids 
A United States patent (3) was subsequently 
issued covering the production of ergotamine and 
ergonovine by this fungus. A reinvestigation of 
authentic carpophores of this mushroom by 
Tyler (4) failed to reveal the presence of any of 
the known ergot alkaloids or any principles 
resembling them chemically. 

Hofmann and Tscherter (5) have recently re- 
ported the startling results of their chemical 
investigation of the ancient Aztec hallucinogen 


Received from the Drug Plant Laboratory, College of 
Pharmacy, University of Washington, Seattle 5 


ololiugut 
bosa (L.) 
related 
Cav., 
chanoclavine 


The seeds of this plant, Rivea corym 
Hall. f., 


convolvulaceous 


as well as those of a closely 
pomea 


were found to contain ergine, isoergine, and 


vine, tricolor 


Occurrence of these ergoline 
derivatives in two plant families as remotely 
Claviciptiaceae and the 


volvulaceae is a remarkable example of parallel 


related as the Con 
or convergent evolution of a highly specialized 
biosynthetic pathway. 


BIOGENETIC THEORIES 


Speculations as to the nature of the pathway 
leading to the biosynthesis of the ergot alkaloids 
were not published until fifteen years after the 
discovery of the basic structure of lysergic acid, 
The 
first such hypothesis, proposed by van Tamelen 
(6) in 1953, postulated that 5-hydroxytryptophan 


the nucleus of the nonclavine alkaloids. 


(1), or a similar compound, could be converted to 
a quinone imine which would condense with di 
hydronicotinic acid (II) or a derivative thereof 
to form lysergic acid (III) 

A few months later Wendler (7) suggested a 
pathway to lysergic acid involving the condensa 
tion of citric acid (IV) with tryptophan (V) 

About the time, Harley-Mason (3) 
theorized that 5-hydroxytryptophan, which could 
be derived from tyrosine via 5-hydroxyindole or 
by the direct hydroxylation of tryptophan, would 


same 


couple with acetone dicarboxylic acid (VI) and 
formaldehyde (VII) to form lysergic acid. 
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COOH 

CH, CH,O VII 
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HOOC ¢—COOH 


HO CX 


Displaying his usual uncanny insight into bio 
genetic pathways, Robinson (9) discarded the 
schemes involving 5-hydroxvindole as an inter 
mediate and suggested that lysergic acid would 
more probably arise by reactions analogous to 
those proposed by Wendler. This would involve 


condensation of a derivative of succinic acid 
(VIII), instead of citric acid, with tryptophan (V 
A formaldehyde equivalent (VII) is also required 


to complete ring D of lysergic acid 
COOH 


CH, CH,O VII 


NH, 
COOH cooH 
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Feldstein (10), in 1956, and Mothes, et al. (11), 
in 1958, agreed with Robinson that tryptophan 
(V) was a likely moiety, but the former suggested 
that it condensed with e-ketoglutaric acid (IX): 
the latter proposed that tryptophan (V) con 
densed with a 5-carbon isoprenoid compound 
(X), possibly mevalonic acid, which in turn could 


derive from active acetate 


IX 


HOOC 


this 
general biosynthetic pathway has been advanced 


The only significant departure from 


by Pheninger (12). He proposed a scheme in 
which prephenic acid (X1) could be converted to a 
(XII), which could then 
attach a reactive methylene group (as in XIII) 


dienone intermediate 


and be converted to lysergic acid (III) 
lated by 
tion of tryptophan as an intermediate 


as pe ystu- 
Harley-Mason, but without the utiliza- 
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CH; 
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EXPERIMENTAL PROOF OF BIOGENETIC 
THEORIES 


One of the first efforts to obtain proof that 
tryptophan is involved in the biosynthesis of 
ergot alkaloids produced under normal parasitic 
conditions was undertaken by Gréger and Mothes 
(13) 


detected with certainty in ergot seclerotia, and 


Uncombined tryptophan could not be 
feedings of this amino acid to the rve plant 
led, in most instances, to a small but significant 


alkaloid 
trasted with the entirely negative results which 


increase in concentration. This con 
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were obtained when certain amino acids, includ- 
ing leucine, phenylalanine, and valine, which 
compose the peptide residues of the water 
insoluble alkaloids, were similarly injected. It 
was further shown that an excess of these amino 
acids was present in the free state in normal 
sclerotia, although their concentration was some 
what lower than that of amino acids which do not 
form an integral part of the alkaloid molecule 

Interpreting the results of their trytophan 
feeding experiments with due caution, the authors 
concluded that the increase in alkaloid concentra 
tion could be the result of other factors. In retro- 
spect, this appears to be the first experimental 
evidence that tryptophan is a precursor of the 
lysergic acid nucleus of the ergot alkaloids 

More decisive evidence for the incorporation 
of tryptophan into the lysergic acid molecule 
was obtained by Mothes, et a/. (11), in 1958. 
pL-Tryptophan-8-C'* was injected into the inter 
nodes of rye plants which had previously been 
inoculated with ergot. After approximately 
three weeks the mature sclerotia were harvested, 
the alkaloids isolated, and their radioactivity 
determined. Hydrolysis of the alkaloids revealed 
that the activity was distributed equally between 
the lysergic and isolvsergic acid moieties. Among 
the free amino acids in the ergot, only tryptophan 
was found to be radioactive, indicating that 
the alanine side chain was not split off from it 
From this evidence the authors concluded that 
tryptophan is a direct precursor of the ergot 
alkaloids 

A few months after the appearance of this 
work, Suhadolnik, et a/. (14), published the results 
of similar studies in which tryptophan-7a-C' was 
incorporated to such a limited extent (0.003-0.014 
per cent) in the ergonovine isolated from the 
sclerotia that these authors concluded that 
tryptophan did not function as a direct precursor 
to lysergic acid. For some unexplicable reason 
the major alkaloid fraction (water-insoluble com 
plex) of the ergot was not examined, and the 
negative results obtained may be partly explained 
on this basis. Additional experiments employing 
tryptophan-a-C™, phenylalanine-1-C™, tritium 
labeled anthranilic acid and tryptophan, and 
even acetate-2-C' also provided very small 
percentages (0.003-0.012 per cent) of incorpora 
tion of these compounds in the total alkaloid 
fraction 

Unfortunately, the experimental procedure 
used to obtain the total alkaloids is not recorded 
in the paper. Since the authors state erroneously 
that ergonovine is the principal alkaloid in rye 
ergot, it may be that the so-called total alkaloid 
was in reality the total water-soluble alkaloids. 
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No clarification of these confusing data has ever 
been provided by the authors (15) 

Following the announcement of these negative 
results, the German investigators, Groger, et al 
(16), repeated their earher experiments. They 
again fed pL-tryptophan-8-C™ to infected rye 
plants and determined the radioactivity of the 
alkaloids produced; however, this time they eval 
uated their results on a quantititative basis 
The ergot strain employed produced ergokryptin 
ine as its principal alkaloid (80-90 per cent of 
total), and it was found that 0.158 per cent of 
the injected tryptophan was present in this al 
kaloid. This was an appreciably higher per- 
centage of incorporation than was obtained by 
Suhadolnik, et al., and justified the original claim 
that tryptophan functioned as a lysergic acid 
precursor 

In spite of these more satisfactory results, it 
was apparent that experiments on the biosvn 
thesis of the ergot alkaloids carried out under 
normal parasitic conditions presented certain in 
herent difficulties, especially the translocation of 
sufficient quantities of a suspected precursor 
across the host-parasite barrier and the incorpora 
tion of a sufficient percentage of the applied pre 
cursor in the final product to permit definite 
conclusions to be drawn. If unequivocal results 
were to be obtained, it would be necessary to 
change the experimental design. permitting a 
potential precursor to be supplied to the fungus 
in saprophytic culture 

Most strains of ergot, although eminently ca 
pable of alkaloid production when grown as para 
sites, do not produce appreciable quantities of 
alkaloids when cultured saprophytically. Early 
attempts (17, 1S) to determine if indole, trypto 
phan, amino-N-methyltryptophan, indole-3- 
methanal, indole-3-acetic acid, tryptamine, and 
similar compounds could act as alkaloid precursors 
produced negative results, since the ergot strains 
employed were incapable of alkaloid synthesis 
under the saprophytic conditions which prevailed. 
Tvler and Schwarting (19, 20) were able to show 
that such strains of Claviceps would produce 
tryptophan from indole and serine but that the 
tryptophan produced disappeared rapidly from 
the cultures, being converted to nicotinic acid and 
anthranilic acid. 
indole + serine —~ tryptophan — anthranilic acid 

nicotinic acid 

This situation was changed with the discovery 
of agroclavine by Abe (1) and the subsequent 
production in saprophytic culture of a number of 
new clavine alkaloids (ergoline derivatives) by 
him and his co-workers (21-23) and by Stoll, et al 
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(24), and Hofmann, et al. (25). In 1952, Abe (21) 
also succeeded in isolating, for the first time, the 
peptide alkaloid ergokryptinine in crystalline 
form from saprophytic culture 

For agroclavine production, Abe employed a 
medium containing mannitol and ammonium 
succinate as the sole sources of carbon and 
nitrogen, inoculated with a strain of Claviceps 
originally parasitic upon .lgropyron semicostatum 
Nees in Japan. He designated this strain as an 
Agropyron-type ergot. A strain of Claviceps, 
obtained from Pennisetom typhoideum Rich. grow 
ing in Africa by Stoll, et al., also synthesized re 
producibly large quantities of clavine alkaloids 
principally elymoclavine, with lesser amounts of 
agroclavine and penniclavine’ in a_ similar 
medium. For convenience, this strain of ergot 
may be designated as a Pennisetum-type 

The important thing about these and similar 
strains was the fact that they always synthesized 
detectable quantities of clavine alkaloids in 
saprophytic culture in any medium or under any 
conditions permitting mycelial development. A 
new and useful tool for alkaloid biosynthesis stud 
ies was thus at hand and was rapidly employed 
by a number of investigators 

Gréger, et al. (16), were the first to make use of 
this technique to support their conclusion, based 
on feeding experiments under parasitic conditions, 
that tryptophan functions as a direct precursor of 
the ergot alkaloids. In a series of experiments 
they administered pL-tryptophan-8-C" alone and 
in combination with pyridoxal phosphate, trypto 
phan-C™OOH, and sodium acetate-1-C'™ to 
saprophytic cultures of a Pennisetum-type ergot 
which produced elymoclavine as its principal 
alkaloid, together with some agroclavine, traces 
of penniclavine, and a residual alkaloid 

rhe elymoclavine and agroclavine were 1so- 
lated and their activity determined. More than 
10 per cent of the tryptophan-8-C™ administered 
alone was found to be incorporated in the alkaloid 
mixture. This percentage could be increased to 
nearly 40 per cent by the simultaneous feeding of 
pyridoxal phosphate, the increase in percentage 
incorporation varying directly with the concentra- 
tion of pyridoxal phosphate This extraordinarily 
high degree of incorporation was considered as 
conclusive evidence that tryptophan is a direct 
precursor to the ergoline nucleus and that 
pyridoxal phosphate is involved in the trans- 
formation 

The tryptophan-C“OOH was not incorporated 
in the alkaloids to any appreciable extent, a find- 
ing interpreted as meaning that tryptophan is 
decarboxylated prior to its conversion to ergoline 
In two feeding experiments with labeled acetate, 
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a relatively small incorporation (0.113-0.32 per 
cent) was obtained and did not permit a definite 
conclusion as to the role of acetate as a precursor 
of the ergoline alkaloids 

Subsequent reports of isotope feeding experi- 
ments have verified and extended this work of 
Gréger, ef al., with respect to the precursor func 
tion of tryptophan. Plieninger, et al. (26), ad- 
ministered deuterium labeled DL-tryptophan (22.5 
per cent deuterium oxide/water) to saprophytic 
cultures of a Pennisetum-type ergot and ob 
tained, in two experiments, a crude alkaloid 
fraction containing 2.7 per cent and 3.9 per cent 
deuterium oxide/water, respectively; a high de- 
gree of incorporation 

A few months later, Taber and Vining (27) re 
ported the results of their experiments in which 
a mixture of pL-tryptophan-8-C™, in which the 
D-isomer possessed a relatively high specific 
activity and the L-isomer a relatively low one, 
and unlabeled tryptophan was fed to a strain of 
Claviceps purpurea (PRL 1578) growing in 
saprophytic culture. This strain had been found 
to produce small quantities of water-soluble and 
water-insoluble lysergic acid-type ergot alkaloids 
in a suitable saprophytic growth medium. 
These alkaloids, as well as the clavine alkaloids 
which were produced in this experiment, were 
isolated and found to be labeled to about the 
same extent. Their relatively high specific 
activities showed that they must be derived in part 
from the more active p-isomer, but the high 
specific activity of the free tryptophan isolated 
from the cultures at the conclusion of the experi- 
ment was consistent with preferential utilization 
of the less active L-isomer. It also suggested a 
negative feedback mechanism which prevented 
endogenous tryptophan synthesis 

While these isotope feeding experiments were in 
progress, other investigators were utilizing the re 
placement culture technique to obtain additional 
information on alkaloid biosynthesis. Brady and 
Tyler (28) grew a Pennisetum-type strain of 
Claviceps in surface culture on an Abe-type 
mannitol-ammonium succinate-minerals medium. 
After a well-developed mycelial mat had formed, 
the growth medium was removed aseptically and 
substituted with a mineral solution containing 
additions of tryptophan, 5-hydroxytryptophan, 
phenylalanine, tyrosine, and phenyllactic acid 
Succinic acid was also tested alone and in com- 
bination with the various amino acids. After an 
additional seven-day incubation period, the re- 
placement medium was analyzed qualitatively 
and quantitatively for alkaloid accumulation in 
comparison with control cultures prepared using 
the mineral solution without additions. 
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Phenylalanine, tyrosine, and tryptophan were 
shown to serve as ergoline precursors by the 
enhanced alkaloid biosynthesis which resulted 
when each of these compounds was added to the 
replacement medium. In the case of all three 
compounds, alkaloid btosynthesis was increased 
to a still greater degree when succinic acid was 
also present. It was concluded that the ergoline 
nucleus is formed from two different types of 
precursors: (a) an aromatic nucleus which may be 
derived from phenylalanine, tyrosine, or trypto 
phan, or a precursor common to all three of these 
amino acids, and (>) a compound closely related 
to succinic acid or at least easily derived from 
it. 

Phenvllactic acid and 5-hydroxy tryptophan did 
This latter 


finding was the first experimental evidence to re 


not function as alkaloid precursors 


fute directly the biogenetic schemes of van 
Tamelen and Harley-Mason in which 5-hydroxy 
tryptophan or derivatives of it plaved a key role 
Baxter, ef al. (29), have subsequently verified this 
finding in an experiment employing DL-5 
hydroxytryptophan-s-C'™ which likewise was not 
incorporated into nonclavine ergot alkaloids 

Replacement culture experiments with an 
Agropyron-type ergot of Japanese origin yielded 
results which were significantly different in cer 
tain respects (30). Tryptophan and_ succinic 
acid produced an increase in alkaloid accumula 
tion, the combination being more effective than 
either compound singly; tyrosine and succinic 
acid did not increase alkaloid production appre 
ciably over that level produced by succinic acid 
alone. Phenyllactic acid and, surprisingly, 
phenylalanine suppressed alkaloid accumula 
tion, suggesting that these compounds acted as 
antimetabolites in this strain of ergot. These 
data were consistent with the two-precursor 
postulation but showed that the aromatic pre 
cursors did not possess the degree of interchange 
ability in this strain that they showed in the 
Pennisetum-type 

The existence of significant differences in the 
biosynthetic abilities of different Claviceps 
strains was re-emphasized by the results of re 
placement culture experiments conducted by 
by Gréger (31). The elymoclavine-producing 
strain previously employed by him in isotope 
feeding studies was cultured in shake flasks, the 
mycelium removed, washed under sterile condi 
tions, and incubated on a shaking machine with a 
buffer solution containing selected precursors 
Time of incubation ranged up to forty-eight 
hours. Determination of the products found in 
the replacement medium led to the following 


metabolic scheme: 


serine 
anthranilic acid — indole — + 
tryptophan — clavine alkaloids 


Anthranilic acid precursors such as quinic or 
shikimie acids did not enter the pathway; 
anthranilic acid was utilized more efficiently in 
the presence of glucose. The fungus could 
utilize indole as an alkaloid precursor, and addi 
tions of serine increased the formation of trypto 
phan from indole but had no influence on the 
alkaloid yield. When tryptophan was employed 
as a precursor, the action of pyridoxal phos 
phate resulted in a limited increase in alkaloid 
concentration. Conversion of tryptophan to 
alkaloids was dependent upon adequate oxygena 
tion. Of particular significance was the ob 
servation that greater yields of alkaloids resulted 
from a mixture of tryptophan and mevalonic acid 
lactone than from tryptophan alone. This was 
the first experimental evidence that mevalonic 
acid functions as a nonaromatic precursor of the 
ergot alkaloids. 

It is interesting to compare these results with 
those obtained in similar experiments (19, 20), 
previously discussed, in which a strain of Clavi- 
ceps, incapable of alkaloid production under the 
saprophytic conditions prevailing, was em 
ployed. The interesting overall conclusion which 
may be drawn from Gréger’s experiments is 
that enzymes essential for alkaloid synthesis are 
present in certain strains of relatively young 
ergot mycelium, but the essential precursors are 
mostly lacking during this stage of development 
This laid to rest the theory, adhered to by 
many investigators as late as 1955, that only 
sclerotial tissue was capable of alkaloid bio- 
synthesis 

Gréger’s observation regarding the functior 
of mevalonic acid as an alkaloid precursor was 
followed up almost immediately by him (32) and 
by other investigators. Mycelium of the ely 
moclavine-producing strain was incubated with 
tryptophan in combination with mevalonic 
acid-2-C', mevalonic acid-2-H*, and mevalonic 
acid-4-H* using the replacement culture tech 
nique previously described. Isolation of the 
aikaloids followed after periods ranging up to 
nearly five days. Specific incorporation of me- 
valonic acid in the clavine alkaloids varied from 
9.2 to 23.5 per cent in the different trials. 

Additional experiments in which DL-trypto- 
phan-8-C'* and were 
similarly incubated with ergot mycelium re 
sulted in a 47.5 per cent incorporation of the 
former, a higher percentage of incorporation 
than had been obtained previously. Alkaloids 
obtained after incubation with the carboxy- 
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labeled tryptophan were not radioactive, con 
firming earlier findings that the amino acid ts de- 
carboxylated prior to incorporation 

Birch, et al. (33), in work carried out almost 
a similar ergot strain, fed 
lactone-2-C'™, CH,C'OONa, 
and C™H,COONa to the developing organism 
labeled 


If the mode of incorporation of these 


simultaneously with 


mevalonic acid 


and isolated elymoclavine and agro 


clavine 
substances into the alkaloids is the same as into 
radioactivity from the mevalonic 


XI\ 


or both; 


terpenoids, 
acid lactone would be expected in positions 
7 or 17, from the carboxy-labeled ace 
tate (XV) in the 8 and 10-positions, and from 
the C™H;COONa (XVI) mainly in the 7 


-, and 17-positions of the C-5 moiety (XVII) 


XVII 


Degradation of the agroclavine from the 


nevalonic acid lactone-fed cultures showed 


about one-third of the activitv in the molecule 
but in the elymocla 


vine from the same culture nearly 90 per cent of 


was present in position 17 


the activity was present in the same position 
Position 8 of both alkaloids labeled 
In both alkaloids isolated from the cultures in 
with 


was not 


cubated carboxy-labeled sodium acetate, 
about one-half the activity in the molecule was 
no radioactivity was detectable 
When C'H,COONa 


fed, similar differences in degree of incorporation 


in position 8; 


in the 17-position was 
in position 17 were noted for agroclavine and 


elymoclavine as when mevalonic acid lactone 


was supplied. Less than one-tenth of the incor 
porated activity was found in position 17 in the 
agroclavine; more than one-fourth was present 
In both 


cases small amounts of activity were found in 


in the same position in elymoclavine 
position 8. These interesting differences may in 
dicate variations in the biosynthetic pathways 


of agroclavine and elymociavine. 


XVII 
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Additional evidence for the function of me 
valonic acid as an ergot alkaloid precursor was 
Taylor and Ramstad (34). Meva 
lonic acid-2-C'* was added to the growth medium 
PRL 1578) which pro 
duced small quantities of lysergic acid-derived 


obtained by 
of a strain of Claviceps 
ergot alkaloids in saprophytic culture. Isola 
tion and subsequent hydrolysis of the water 


soluble alkaloids 
that the lysergic acid obtained was radioactive, 


and water-insoluble revealed 
although the positions of labeling were not es 
tablished. Mevalonic acid did not enter sig 
nificantly into the general metabolism of the 
organism. More than 90 per cent of the radio- 
activity of the converted acid was found in the 
fraction of the alkaloids; the 


lysergic acid 


XVII 


petroleum ether fraction of the mycelium con 
tained less than 10 per cent of the total added 
radioactivity. The amino acids extracted from 
the mycelium were not labeled. 

Although this series of experiments leaves 
little doubt that the C-5 unit of clavine and lyser 
gic acid alkaloids may be derived from acetate 
via mevalonic acid, there were many indications 
in the literature that succinic acid, or a derivative 
thereof, could also function as a_ precursor 
Baxter, ef al. (35), obtained more direct proof 
of this capability in feeding experiments with 
succinic acid-1,4-C'™ and succinic acid-2,3-C'™ 
Both compounds were efficiently incorporated 
in the lysergic acid ergot alkaloids produced 
saprophytically by Claviceps strain PRL 1578, 
but the succinic acid-2,3-C' was incorporated 
more efficiently than the succinic acid-1,4-C'™ 
The authors believe that this finding is sugges 
tive that at least a part of the labeled succinate 
is incorporated as such or as some modified com 
pound (e. g., a-ketoglutaric acid) as a result of 
the passage of the labeled succinate through the 
citric acid cycle. 
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That the fragment is actually a single 5- 
carbon compound is apparently supported by the 
production by certain strains of the organism of 
the alkaloid chanoclavine (XVIII) in which the 
components of ring D are present but cyclicization 
has not occurred. It may, however, be argued 
with equal logic that chanoclavine represents a 
decomposition product of the normal clavine al- 
kaloids. Experimental support of either hy- 
pothesis is lacking 


CH.OH 


~ 

XVIII 

Baxter, et al., also studied the origin of the 
N-methyl group of lysergic acid using methio- 
nine-C'*H; and formate-C™. Although both 
compounds resulted in the production of labeled 
alkaloids, the formate produced alkaloids of 
much higher specific activity than the methionine, 
suggesting that the former compound may be 
incorporated in some position of the molecule 
other than, or in addition to, the N-methyl 
position. This cannot be verified until the re 
sults of degradation studies, now in progress, 
become available 

To summarize the available evidence on bio 
synthetic pathways of the ergot alkaloids, it 
now appears that both the clavine and lysergic 
acid types are formed by condensation of tryp 
tophan, which is decarboxylated during the 
process, with a 5-carbon fragment deriving from 
the acetate-mevalonic acid pathway and/or 
the succinic acid-citric acid cycle pathway 
The condensation of the moieties is mediated 
by an enzyme system which requires pyridoxal 
phosphate as a cofactor. Methylation of the 
nitrogen atom in position 6 is then effected by an 
active methyl group which may be derived from 
formate or methionine 


FACTORS INFLUENCING ALKALOID 
BIOSYNTHESIS 


Although these intensive investigations have 
now made known the principal precursors of the 
ergot alkaloids, the multitudinous environmental 
and genetic factors which profoundly influence 
alkaloid synthesis remain relatively obscure, 
even though certain of these factors have received 
considerable attention by various investigators. 
The principal enigma of alkaloid biosynthesis is 
the fact that most isolates of Claviceps purpurea 
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obtained from sclerotia which contain relatively 
large amounts of water-soluble and water 
insoluble alkaloids do not synthesize these 
alkaloids in saprophytic culture. Other strains, 
obtained from sclerotia parasitizing certain 
species of grasses in certain geographical areas, 
do produce alkaloids under saprophytic condi- 
tions. In general, the yields of clavine alkaloids 
from such strains are relatively high; the peptide- 
type alkaloids, if formed at all, are usually 
produced in much smaller quantities 

No particular problem is encountered in 
interpreting the literature in regard to the 
factors which influence clavine alkaloid pro- 
duction, but the literature on saprophytic pro- 
duction of peptide alkaloids is a maze of in 
complete, conflicting information which is not 
easily resolved because the strains of ergot for 
which particular claims are made by the original 
investigator are not available to other inves- 
tigators because of their potential commercial 
value. It is not even possible to prepare an 
accurate summary of the types of alkaloid- 
producing strains because each laboratory uses 
slightly different methods of production and 
testing which do not permit direct comparison. 

Abe (36), who has published more information 
on this subject than any other investigator, has 
studied in detail three types of ergot fungi which 
produce alkaloids in saprophytic culture: the 
Agropyron-type, found on certain species of 
Agropyron, Trisetum, and Festuca growing in 
Japan; the Elymus-type (Claviceps Litoralis 
Kawatani) found on Elymus mollis of Japanese 
origin; the Secale-type (Claviceps purpurea) 
parasitizing Spanish rye plants. Selected strains 
of each of these three types will produce varying 
amounts of both the clavine alkaloids and certain 
peptide alkaloids in saprophytic culture. It 
must be pointed out, however, that other strains 
of each of these types produce primarily clavine 
alkaloids (24, 37) or none at all (38-41), under 
similar conditions. 

Abe, et al. (42), hold a United States patent 
covering the production of ergokryptinine, agro- 
clavine, and elymoclavine in saprophytic culture 
by ergot originally parasitic upon Elymus mollis 
Trin. Other workers who have reported success 
in isolating or otherwise obtaining ergot strains 
capable of peptide alkaloid production in 
saprophytic culture include Rochelmeyer (43), 
Stoll, et al. (44), Taber and Vining (45), and 
Grumbach and Stoll (46). 

It is not possible to generalize to any ap- 
preciable extent regarding the influence of the 
composition of the medium on alkaloid pro- 
duction. Adequate levels of iron and zine 
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appear to be requisites for alkaloid produc- 
tion (44). Stoll, et al. (24), reported improved 
yields of alkaloids from their Pennisetum-type 
culture when sucrose was added to the mannitol 
ammonium succinate-minerals of the original 
Abe medium 

Windisch and Bronn (47) in a patent issued 
recently, but applied for in 1956, present a 
number of generalizations concerning ergot 
alkaloid formation 
tigation of the nutritional requirements and the 


They reported that inves- 


metabolism of a large number of Claviceps strains 
of European and extra-European origin led 
them to conclude that these fungi did not form 
alkaloids under conditions of cultivation which 
permit intensive cellular re spiration. During the 
period of growth (active cell multiplication) 
cellular respiration was found to be intense 
in fact, respiration was necessary for cell division 
to take place at all 
the mycelial cells at the end of the growth 


Similarly, autolysis of 


period was coupled with pronounced respiration 
Thus, in the normal course of development in 
saprophytic culture, which begins with cell 
division and concludes with autolysis, no alkaloids 
would be formed or accumulated. In order to 
promote biosynthesis and accumulation of 
alkaloids, it was found to be necessary to depress 
cellular respiration and to maintain it in a 
quiescent state by suitable measures 

his was accomplished by first of all cultivating 
Claviceps species saprophytically in nutrient 
substrates containing assimilable sources of 
carbon and nitrogen, as well as essential mineral 
salts (phosphate, magnesium, iron, and trace 
elements). It is particularly interesting to note 
that nowhere in the patent are specified the 
geographical sources of the ergot strains or the 
identity of the alkaloids produced by them. One 
example mentions a strain isolated from a 
sclerotium parasitic upon Lolium perenne; other 
examples indicate the use of strains from Elymus 
mollis. In some places the alkaloid yields are 
calculated on the basis of ergotamine, in other 
places as ergometrine. The wording of the 
patent is certainly broad enough to cover both 
clavine and lysergic acid alkaloids, and this was 
no doubt the intent of the inventors. Whether 
their method of stimulating alkaloid production 
is equally applicable to both types of alkaloids 
remains to be proved 

According to Windisch and Bronn, original 
cultivation of the organism was best conducted 
at low pH values (3 0-5.0) under aerobic condi 
tions. Then to induce alkaloid production, the 
mycelium of the fungus was maintained within a 
pH range of 5.5 to 7.0 in an environment wherein 
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respiration was largely suppressed. This sup 
pression was achieved either by producing 
anaerobic conditions at rH values of the substrate 
equal to IS or less, by creating an artificial 
nutrient deficiency, or by using specific re 
spiratory inhibitors 

Specifically, anaerobic conditions were brought 
about by adding reducing agents such as ascorbic 
acid or hydroquinone to the cultures which were 
then fitted with an air-tight seal Nutrient 
conditions which stimulated alkaloid production 
included deficiencies of nitrogen, phosphate, and 
sulfate. Nitrogen was found to be deficient if 
the nitrogen to carbon ratio (N/C) was reduced 
to less than 1:40 im surface cultures and 1:25 in 
submerged cultures The optimum ratio of 
phosphate to carbon (PO,/C) for alkaloid 
synthesis was found to range between 1:200 
and 1:280, although the ratio for adequate nu 
trition of the organism varied between |:S0 and 
1:100. The limiting ratio of sulfate to carbon 
(SO,/C) which was just sufficient to meet the 
needs of the organism was between 1:200 and 
1:300. The most favorable ratio for stimulating 
alkaloid formation was between 1:500 and 
1:1,000. Respiratory toxins which were tested 
and found to be efficient for the promotion of 
alkaloid biosynthesis included cyanide, iodo- 
acetate, arsenite, fluoride, azide, and 2,4-di- 
nitrophenol in concentrations ranging between 
and moles in surface culture. In 
submerged culture the adequate dosage was 
usually about one-tenth lower 

It is immediately evident that the patent of 
Windisch and Bronn contains a vast amount of 
information on the influence of nutritional and 
other environmental factors on ergot alkaloid 
biosynthesis. While some of their findings have 
been independently verified by other investigators 
who were unaware of the details of this work 
during the four-year period that the patent was 
pending, certain other findings are not in agree 
ment with the conclusions of other investigators 
These conflicting data will be discussed after 
presentation of the contradictory work 

Taber and Vining (45) examined the alkaloid- 
producing ability of three strains of Claviceps 
from Spanish, Portuguese, and Canadian sources 
under various conditions and concluded that 
three conditions were of particular importance. 
These included the selection of a suitable strain, 
proper composition of the medium, and a long 
incubation period. One of their isolates failed 
to produce alkaloids, a second did so irregularly, 
and the third did so consistently but in extremely 
small amounts (0.55 mg. per L. of culture 
medium). Abe's mannitol-ammonmun succinate- 
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minerals medium was superior to all others 
tested, and at least thirty-five days were required 
for alkaloid production in shake cultures, longer 
in stationary cultures 

Tyler (40) investigated the nutritional factors 
which influenced saprophytic production of 
clavine alkaloids by an Agropyron-type strain. 
Confirming the results of previous studies, 
mannitol and ammonium succinate proved to 
be superior carbon and nitrogen sources, but 
greatly improved yields of alkaloid were ob- 
tained when increased concentrations of both 
these compounds were employed. An increase 
in mannitol to 15 per cent, from the 5 per cent 
level originally employed by Abe, resulted in an 
increase in alkaloid production from approx- 
imately 100 to nearly 400 mg. per L. If the 
succinate concentration was increased in com- 
bination with increased mannitol, a further 
improvement in alkaloid production was noted; 
however, growth and development of the organ- 
ism, as well as alkaloid production, were slowed 
considerably. 

Taber and Vining (48) tested the influence of 
certain factors on alkaloid production by cultures 
isolated by them from sclerotia of various 
grasses. No correlation was observed between 
the capacity of a strain to produce alkaloids 
and the host from which the culture was obtained 
or the pigmentation of the culture. This latter 
conclusion supports the earlier observations of 
Sim and Youngken (41) and of Glaz (49) who 
likewise concluded that under saprophytic or 
parasitic conditions there was no dependent 
interrelationship between pigment formation 
and alkaloid production 

Light was found to have a variable effect on 
alkaloid production depending on the time of 
incubation and the composition of the medium. 
Commercial galactose, contaminated with glucose 
and lactose, was the most efficient carbon source 
for alkaloid production in the strain tested 
(PRL 1578), but the rate of synthesis was 
markedly reduced if pure galactose was emploved 

It was further observed that the rate of 
alkaloid synthesis was influenced by the size 
of the inoculum and by the nature of the agent 
used to suspend it. A large quantity of mycelial 
suspension seemed to suppress the yield, but this 
was found to be due to the saline solution used as 
a suspending medium. When the mycelial 
suspension was made up in distilled water, the 
vield increased, to a limic, with increase in 
inoculum size. Homogenizing the inoculum 
increased the rate of alkaloid synthesis. 

A comparative study of factors influencing 
alkaloid accumulation by two strains of Clavi- 
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ceps, a Pennisetum-type and an Agropyron- 
type, was conducted by Brady and Tyler (50). 
Above all, the results of this study indicate the 
impossibility of generalizing in regard to the 
factors influencing alkaloid biosynthesis, since 
the results obtained with the two strains were 
different in certain important aspects 

Addition of sucrose stimulated alkaloid pro- 
duction (elymoclavine, agroclavine, penniclavine) 
in the Pennisetum-type ergot, confirming the 
earlier observation of Stoll, ef a/. (24). Addition 
of pi-phenylalanine resulted in a greater ac- 
cumulation of alkaloids than did sucrose, and a 
reduced phosphate concentration had a more 
pronounced effect than either of these treatments. 
Combinations of the favorable factors elicited 
various degrees of additive responses; the 
combination of low phosphate and added 
sucrose was more favorable for the accumulation 
of alkaloids than either factor separately. Data 
obtained by assaying the surface cultures 
periodically over extended periods of time 
suggested that the reduced phosphate concen- 
tration produced changes in the free amino acid 
reserves of the organism which were similar to 
the effects produced in higher plants by a 
phosphate deficiency, resulting in a decrease in 
protein nitrogen and an increase in soluble 
nitrogen (amino acids). Since the responses 
obtained with reduced phosphate and added pL- 
phenylalanine were not additive, it was concluded 
that both of these treatments exerted their 
effects via a common mediator. 

This conclusion, coupled with the observation 
that added sucrose resulted in increased alkaloid 
production, suggests that at least two limiting 
factors are involved in clavine alkaloid bio- 
synthesis. One of these is apparently an 
aromatic amino acid, or a metabolically related 
compound, whose availability is affected by the 
concentration of phosphate or the addition of 
phenylalanine to the medium, and a second 
component closely associated with carbohydrate 
metabolism. Such a postulation is in agreement 
with our present understanding of the bio- 
synthetic pathways of the ergot alkaloids. 

Alkaloid accumulation by the Agropyron- 
type strain was not stimulated by pi-phenyl- 
alanine, a low phosphate concentration, or 
sucrose; rather, various degrees of inhibition 
were noted. These findings are not in accord 
with the generalizations of Windisch and Bronn 
(47) and emphasize the absolute necessity of 
relating nutritional and similar data to a single 
genotype of the organism. The replacement 
culture experiments with this same strain, 
previously cited (30), led to the conclusion that 
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phenylalanine and structurally related c ympounds 
are not a satisfactory substitute for tryptophan 
as an alkaloid precursor in this strain Ap 
parently, a deficiency in certain enzyme systems. 
which render these amino acids interchangeable 
with tryptophan in the Pennisetum type ergot, 
does not permit them to function in this way in 
ergot of the Agropyron-type 

Abe (51) has recently summarized the results 
of more than twenty years of research in the 
ergot field. When he and his co workers first 
obtained agroclavine in saprophytic culture of 
an Agropyron-type fungus, they assumed that 
some defect in their medium suppressed the 
formation of the known alkaloids (lysergic acid 
derivatives) permitting only this ergoline deriva 
tive to accumulate This hypothesis was 
apparently proved to be in error by two findings 
(4) agroclavine was found to be the only alkaloid 
occurring in sclerotia of certain strains of ergot 
developed on some Agropyron species, and (b) 
when a proper strain was cultivated in the same 
medium, the peptide alkaloids were produced in 
quantities approximating those found in par 
asitically grown ergot Proper strains of ergot of 
the Elymus- and Secale-ty pes likewise produced 
peptide alkaloids in the same medium 

Continued experimentation revealed that in 
any given strain of fungus the production of 
clavine alkaloids in saprophytic culture was 
higher than under parasitic conditions, and the 
content of peptide alkaloids was lower Similarly, 
the content of agroclavine in small sclerotia and 
young saprophytic cultures was higher than in 
large sclerotia and old cultures, respectively, 
and the content of peptide alkaloids was pro 
portionally lower 

Abe (52) had previously ascertained that 
during the course of its development. in sap 
rophytic culture the ergot fungus passes from 
an anaerobic stage into an aerobic one. The 
above findings were apparently explained by 
the observation that in any culture the pro 
duction of agroclavine was accelerated when the 
fungus was in the anaerobic stage, while the 
production of elymoclavine and particularly the 
peptide alkaloids was facilitated in the aerobic 
stage 

Summarizing these findings, it would appear 
that observed differences between the alkaloid 
content of sclerotia and sapri phytic cultures are 
due to the fact that the fungus does not grow so 
aerobically in the latter as in the former condi 
tion. The differences in alkaloid content of 
small and large sclerotia and in young and old 
saprophytic cultures may be attributed to similar 
causes. In the case of large sclerotia, the fungus 
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grows well aerobically for a long time, producing 
larger quantities of peptide alkaloids, whereas in 
small sclerotia it grows aerobically for only a 
Short time, or not at all, producing smaller 
quantities of peptide alkaloids and elymoclavine 
but more agroclavine. Thus, Abe was led to 
readopt his original hypothesis, once thought to 
be erroneous, that in artificial medium factors 
necessary for the production of agroclavine are 
satisfied while factors essential for the production 
of peptide alkaloids are lacking, or at least some 
what deficient 

The conclusions of Abe and those of Windisch 
and Bronn are apparently diametrically opposed 
Windisch and Bronn are of the opinion that ergot 
alkaloids are never formed under conditions 
permitting intensive cellular respiration, whereas 
Abe believes that production of the peptide 
alkaloids and elymoclavine are promoted by 
Just such a condition, and that anaerobic 
tions stimulate the production of agroclavine 
only. Since Windisch and Bronn do not specify 
the nature of the alkaloids produced by their 
Strains, it is possible that they were considering 
agroclavine metabolism only: however, such a 
possibility appears remote in view of the fact 
that one of their strains was apparently derived 
from ergot of Elymus mollis and no doubt 
produced some elymoclavine. It is also con 
ceivable that a second period of anaerobic activity 
normally follows the aerobic period of develop 
ment, but this is not indicated by the experi 
ments of either group of investigators. No 
results of studies by other workers, which 
correlate alkaloid biosynthesis with respiration, 
have appeared in the literature. It is interesting 
to note that Gréger (31) had previously found 
that the conversion of tryptophan to alkaloids 
(primarily elymoclavine) required adequate oxy 
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Although the biosynthetic pathways for the 
lysergic acid alkaloids as well as the clavine 
alkaloids have been reasonably well established, 
the metabolic relationship between the two 
types is still poorly understood. Abe has 
reported that his experiments point to the 
existence of an aldehyde precursor (XIX) from 
which divergent pathways lead to elymoclavine 
(XX) and subsequently agroclavine (XXI), 
or to lysergic acid (III) and ergokryptine or 
other peptide alkaloids (XXII) 

This scheme provides an explanation for the 
seemingly contradictory fact that both peptide 
alkaloids and elymoclavine are accumulated by 
ergot when it is in the aerobic state Under 
such conditions the reduction of elymoclavine 
to agroclavine is inhibited. Based on their 
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structural relationships and in vitro chemical 
Abe 
demonstrating the biogenetic relationships of the 
alkaloids 
mentation is required to prove its accuracy 


conversions, has worked out a scheme 


various clavine Biochemical experi 

There are two other possibilities of inter 
relationship between the clavine and lysergic 
alkaloids in 


theory of 


addition to the 
Abe 
comparatively simple structures, it is conceivable 
that 
metabolic scheme and are subsequently converted 


acid common 


precursor Because of their 


the clavine alkaloids occur early in the 


to ergonovine which is in turn transformed to 
the peptide alkaloids 
precursors — clavine alkaloids ~ 
ergonovine — peptide alkaloids 
Another possibility is that the clavine alkaloids, 
once formed, act as a common precursor to both 
ergonovine and the peptide alkaloids without the 
necessity of converting ergonovine to the latter 
sergonovine 
precursors — clavine alkaloids 
“peptide alkaloids 
In an elaborate series of analytical experiments, 
Voigt attempted to 
support of 


(53) obtain evidence in 


one of these postulations. He 
infected rve with ergot and analyzed a large 
number of individual sclerotia 
alkaloids at 


development 


for the various 
intervals during their 
Conducting the experiment dur 


successive 


ing two successive vears and with three strains 
of ergot during the second vear, he amassed a 
considerable amount of data which unfortunately 
is not conclusive. In one experiment, ergonovine 


alkaloid 


sclerotia analyzed thirteen days after inoculation 


was the first detected in very young 


Clavine and peptide alkaloids were subsequently 
detected in more mature sclerotia of this strain 
In another analysis of 


experiment, young 


COOH 
| 


(R = Peptide Residue) 


sclerotia revealed the presence of peptide alka- 
loids prior to the development of ergonovine 
and the clavine alkaloids. Voigt concluded that 
more exhaustive experimentation of this type 
would be required before conclusions could be 
drawn regarding the sequence of development of 
the various types of alkaloids 

Abou-Chaar and Tyler (54) have attempted 
to verify Abe's common-precursor theory using 
an entirely different experimental technique 
Their approach was based on the assumption 
that the hypothetical precursor must be pro 
duced abundantly in strains capable of synthe 
alkaloids in 
saprophytic culture, but that failure to produce 


sizing large amounts of clavine 
this precursor, probably by a blocked reaction 


prior to it in the biosynthetic sequence, is 
responsible for the inability of many strains of 
Claviceps, capable of alkaloid production under 
parasitic conditions, to produce these alkaloids 
in saprophytic culture. It was reasoned that if 
two such strains were grown simultaneously in a 
suitable medium, one might conceivably supply 
the common precursor to the other which, through 
enzyme systems characteristic of the genotype, 
could convert it to peptide alkaloids. 
Strains of ergot of the Agropyron- and Pen- 
nisetum-types were cultured in this way in com 
bination with various strains obtained from ergot 
sclerotia which had been selected for a high con 
tent of peptide alkaloids 
of interesting interactions were observed, ranging 


Although a number 


all the way from nearly total suppression of 
clavine alkaloid production to definite changes 
in the relative proportions of the various alka 
loids, no appreciable quantities of peptide alka- 
loids It is possible that any 
common precursor which is formed is converted 


were obtained 


immediately into clavine alkaloids without dif 
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fusing from the mycelium, and that only these 
end products diffuse throughout the medium 
where they can be acted upon by the other my 
celium. It is also conceivable that under the 
conditions prevailing the enzyme systems re 
quired for the conversion of the common pre 
cursor to peptide alkaloids were not functional 
The recent Arcamone, ef al. (55), 
of the isolation of a strain of Claviceps paspali 
Hall Paspalum dis 


in Italy, which produced lysergic acid 


report by 
Stevens and 
tichum L 
derivatives in submerged cultures, is remarkable 
alkaloids 


reported from normal, parasitically developed 


parasitizing 


because lysergic acid have not been 


sclerotia of this species. However, the poisonous 
character of Paspalum-type ergot has long been 
recognized 

Very few details are given in the preliminary 
publication, but the strain was grown in a modi 
shake flasks and 
Under these conditions 


fied Abe's medium in 500-ml 
in 500-L 
it produced a number of lysergic acid derivatives, 


fermentors 


principally two isomers of lysergic acid amide and 
two of lysergic acid methyl carbinolamide, in 
yields up to 2 mg. per ml. In agreement with the 
findings of Abe and Grdger, an excess of oxygen 
in the culture fluid was found to be essential for 
alkaloid production 

During the last decade and especially during 
the last half of that period, appreciable advances 
the 
ergot 


have been made in our understanding of 
alkaloid 


We now have substantial evidence regarding the 


mechanism of biosynthesis in 


participation of tryptophan, mevalonic acid 
and/or succinic acid, and active methyl groups 


Addi 


tional information, some of it conflicting, is also 


in the formation of these compounds 


available regarding the factors which influence 
alkaloid 
Excluding antibiotic producers, ergot is certainly 


production in saprophytic culture 
the most studied fungus 
From the commercial viewpoint the “ergot 


problem” is very near to a solution. Perhaps 


this solution has already been achieved From 
the scientific viewpoint the problem is still in its 
infancy It may have ceased to “kick” and have 
started to ‘‘crawl,”’ but it cannot as yet be said 
to “walk.” 


as the last, such problems as the biosynthesis 


If the next ten vears are as fruitful 


of the peptide portions of the water-insoluble 
alkaloids may give way to scientific effort. Per 
haps even more important than findings of this 
sort will be the indirect contributions made to 
knowledge. The 
acid in the biosynthesis of an alkaloid is already 


participation of mevalonic 


of more importance as a generality than as a 


specific fact 
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Certainly ergot, like a few other natural prod- 
ucts, particularly wine and cheese, has been 
found to improve with age. 
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8-Phenethylbiguanide (DBI) was found capable of forming chelates with copper 


Chelation of 8-Phenethylbiguanide and Other 
Biguanides with Copper Ion 


By WILLIAM O. FOYE, RICHARD L. O’LAUGHLIN{, and RONALD N. DUVALL 


Research Articles_— 


and nickel ions, but no cobalt, ferric, ferrous, zinc, or calcium chelates could be 
isolated. A 1:1 copper-DBI chelate was formed in acid media, and a 1:2 chelate 


was formed in neutral or basic solution. 


At pH 4 where both copper complexes 


existed in equilibrium, DBI was found to have an affinity for copper ion of the 
same order as glycine. DBI is also capable of chelating with the 1:1 copper- 
glycine complex. Among a series of alkyl-substituted biguanides, some correlation 


T= ORAL hypoglycemic agent §-phenethyl 
biguanide (DBI) should be capable of metal 
ion chelation in aqueous media. Ray and co 
workers (1-3), for instance, have observed the 
formation of metal chelates of phenylbiguanides, 
and Curd and Rose (4) have shown the existence 
of a copper chelate of chlorguanide, a phenyl 
biguanide. It was therefore considered worth 
while to determine the extent of chelation of 
various biologically significant metal ions by DBI, 
and also to learn something of the relative ability 
of DBI to bind metal ions in competition with 
cellular constituents of known chelating ability. 
The ability of DBI to form mixed chelates with 
cellular chelators and metal ions was also con 
sidered. From this information it might be 
come evident whether or not metal ion chelation 
is of importance in the biological action of DBI. 


METHODS 


Chelation of DBI with Cupric Ion.—Copper sul- 
fate solution (1.25 0.005 mole, of CuSO,-5H,O 
in 40 ml. of water) was added gradually to a stirred 
solution of DBI (2.4 Gm., 0.010 mole, of DBI-HCl 
in 125 ml. of water), and the pH dropped from 5.5 
to 3.4 A light blue precipitate was collected, 
washed with water, filtered by gravity, and dried in 
air. The product was assayed for copper by ashing 
in a muffle oven at 1,000 The water content was 
determined by vacuum drying over phosphorus 
pentoxide at 100° for forty-eight hours. The sulfate 
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between ability to chelate copper ion and hypoglycemic activity was observed. 


assay was done gravimetrically using barium 
chloride. The carbon-hydrogen analysis was done 
by Weiler and Strauss, Oxford, England 

Anal.—Caled for C, 
30.00; H, 4.77; SO,7, 23.90; H,O, 8.90; Cu, 15.84. 
Found: C, 30.86; H, 4.79; SO", 23.70; H,O, 
7.50; Cu, 15.76 

To obtain the 2:1 chelate, the same quantity of 
copper sulfate solution and sodium hydroxide solu- 
tion (0.1069 N) were added alternately in dropwise 
fashion to the same quantity of DBI solution with 
stirring. The pH was maintained at 7.5. A pink 
precipitate was collected, washed with water, 
filtered by gravity, and dried in air. The compound 
was analyzed as before 

Anal.—Caled. for C, 
39.45: H, 5.65; SO,7, 15.80; H.O, 5.92; Cu, 10.46 
Found: C, 39.24; H, 5.84; SO,7~, 13.45; 3.54; 
Cu, 9.84 

Chelation of DBI with Nickel Ion.— Nickel chlo- 
ride solution (1.19 Gm., 0.005 mole, of NiCl.-6H,O 
in 150 ml. of water) was added gradually to a stirred 
solution of DBI (2.4 Gm., 0.010 mole, in 200 ml. of 
water). The pH dropped from 6.8 to 5.8. Sodium 
hydroxide solution was added to give a pH of 7.5, 
a yellow precipitate appeared, and the pH dropped 
to 6.8. The product was collected, washed free of 
chloride ion, and dried in air. It was assayed for 
nickel by ashing at 1,000° 

Anal.—Caled. for Ni, 
10.20. Found: Ni, 10.80 

Effect of DBI on Solutions of Copper-Glycine at 
Various pH Levels.—-Solutions of copper-glycine 
were prepared, each containing 0.01 M glycine and 
0.005 M copper sulfate. The solutions were ad- 
justed to pH values of 3.9, 5.0, 6.1, 6.6, 7.2, 7.5, 
and 8.2 and the absorption spectral curves were 
read from 500 to 1,000 mg. Powdered DBI-HCl 
(0.120 Gm.) was added to another set of copper- 
glycine solutions of the same molar concentration 
and pH values. The absorption spectral curves 
were again determined 

Determination of Dissociation Constants of 
Copper-DBI and Copper-Glycine Complexes.—The 
combining ratio of copper to DBI at a given pH 
was determined by Job’s method of continuous 
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variations (5 


A series of solutions was prepared 
having differing ratios of copper to DBI, but having 
the total molarity of the two constant at 0.02 M 
The pH was also kept constant at 4.0; a similar 
series was prepared containing copper ion and gly 
cine at pH 4.0. The difference between the ob 
served absorbance of each solution and that which 
would be given by the reagents alone (actually by 
copper sulfate, since DBI does not absorb at a 
wavelength of 750 my) was plotted against the 
ratio [Cu Cu + DBI rhis gave a curve 
which rises to a maximum at the ratio in which 
the reagents c mbine to form the most stable com- 
plex at the given pH 

he dissociation constant was determined by pre 
paring a solution contaimimng 0.008 VW copper ion 
and 0.012 M DBI and diluting this solution in suc 
cessive stages. The absorbances obtained from these 
solutions at wavelength 750 my were plotted against 
concentration From this dilution curve and the 
data of Fig. 1, a series of pairs of solutions could be 
selected having equal absorbance and essentially 
the same concentrations of complex but different 
concentrations of reagents. From the equation: 


Cu - X)(R X 


kK 


(Cu — X)(R X 


X, and therefore K, can be calculated because the 
concentrations of Cu ind R (DBI) are known 
Cu and R denote initial concentrations of re 
agents used, and X is the concentration of complex 
formed 


( 
0.100 
< 


Cu + DBI 


Fig. 1.-Spectrophotometric determination of 
composition of copper-DBI complex at pH 4 


Cu** 
+ DBI 
Il [CuSoO,| vs. A 
Ill vs. A corrected for absorb 


iCu** + DBI] 
ance due to Cu** 


Chelation Test for Ovher Biguanides.._ Copper 
sulfate solution (0.005 mole of CuSO,-5H,O in 10 
ml. of water) was added gradually to each solution 
of a biguanide (0.01 mole in 50 ml. of water rhe 
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pH dropped in each case where chelation occurred, 
and the solutions became a darker blue in color 
Sodium hydroxide solution (0.1 N) was then added 
until precipitation took place, and the solids were 
isolated and analyzed for copper content 
RESULTS 

After this work had been completed, Weinberg, 
et al. (6), reported the formation of insoluble com 
plexes of DBI only with copper and nickel ions 
among twenty-four metal ions tested No data 
were given to indicate the composition of these 
complexes, however. Chelation reactions were in 
this case also carried out with a number of metal 
ions, and DBI was found to form an insoluble 1:1 
complex with copper ion at acid pH and insoluble 
2:1 complexes with copper and nickel ions in neutral 
or alkaline solution. Insoluble hydroxides were ob 
tained with ferrous, zinc, and calcium ions, and 
cobalt and ferric ions produced resinous materials 
which adhered strongly to the beakers after the 
reaction solutions were allowed to evaporate 
These experiments indicated that copper ion com 
plexes with DBI more readily than the other metals 
tested, and the 2:1 copper complex appeared to be 
stable at surprisingly low pH values in the presence 
of a large excess of DBI Copper falls above nickel 
in the Irving-Williams and Mellor-Maley avidity 
series.) The 1:1 complex was found to be easily 
converted to the 2:1 complex by adjusting the pH 
to neutral or alkaline conditions 

Relative dissociation constants were determined 
for copper-DBI and copper-glycine complexes, 
using the visible range of their absorption spectra, 
following the method of Turner and Anderson (7) 
which is based on Job's method of continuous 
variations (5 \ pH of 4 was selected as convenient 
for this determination since a sufficient concentra 
tion of copper-DBI chelate was soluble at this 
point. It should be pointed out, however, that this 
method provides values of relative significance only, 
since the extent of ionization of ligands is not taken 
into account 

The results of spectrophotometric determination of 
chelate formation at pH 4 are shown in Fig. 1 
Curve I is a plot of the ratio of the quantity of 
copper ion to quantity of copper ion plus DBI os 
ibsorbance at 750 my uncorrected for absorbance 
due to copper ion. Curve II represents Beer's law 
for copper sulfate solution, and curve III is a plot 
of the ratio Cu**/(Cut*t* + DBI) vs. absorbance 
after correction for copper ion absorption. This 
curve reached a maximum at a ratio of 0.4, indicat 
ing a complex of composition Cuo( DBI1);, or most 


TABLE I ABSORPTION SPECTRAL CHARACTERIS 
rics oF CopperR-GLYCINE AND GLYCINE-COPPER 
DBI CompLexes 


Cu-glycine Cu-glycine + Cu-DBI 
DBI 
\ Max \ Max \ Max 
pH my my 1 my 
750 0. 107 700 0.105 675 0 004 
50 675 0.151 H25 0.139 


the 
f 
I 
3 
ts 
A 4 
\ 
0.2 o4 of os 10 
Lu 
“1 O25 0.177 0 178 
6.6 625 0.186 600 0.187 
7.2 625 0.187 600 0.205 
7.5 625 0 208 575 0.211 ‘ah 
82 625 0 186 600 0.179 f 
1 
c= 


Vol. 50, No. 8, August 1961 


II 


NH 


R, 


H 
Code No x R 
DBI C,H,CH.CH H 
B, CH CH 
B C,.H,CH CH 
B, H 
By C,H,CH H 
C,H,CH H 
By C.H,CH, CH 
B C,H,CH CH 
By CH 
Bi C.H H 
B, n-C,Hy H 


n-C,H H 


' These compounds and the accompanying information were 


Pharmaceutical Corp 


likely a mixture of CuDBI and Cu( DBI) type com 
Comparison of two solutions showing the 
same absorbance but having different concentra 
tions of reagents was made, and an approximate K 
value of 3.8 X 10 
constant for the copper-DBI chelate at pH 4. A 
similar procedure was used for solutions of the 
copper-glycine complex at pH 4, a maximum being 
obtained at a ratio of 0.5, indicating a 1:1 complex 
to be the most stable at this pH. An approximate 
K value of 1.2 X 10~* was obtained 

An attempt to determine if DBI were capable 
of chelating copper ion already complexed with 
glycine was made also by means of spectrophoto 
metric Equimolar 
DBI were added to solutions of copper-glycine com 
plex (prepared at a 2:1 ratio of glycine to copper 
to assure an excess of glycine) and the absorption 
spectral curves were determined. At each pH level 
where observations were made, the peak of maximum 
absorption of the copper-glycine complex was 
shifted to a lower wavelength, indicating formation 
of a complex of greater stability (8). Between pH 
values of 3.9 and 8.2, then, it was evident that DBI 
is capable of combining with copper ions already 
bound to glycine. Since neither glycine nor DBI 
absorb in the visible range of the spectrum, and the 
peaks obtained for the copper-glycine solutions agree 
with those found by Keefer (9), the DBI is either 
removing copper ions from the copper-glycine com 
plex or forming a new complex consisting of glycine, 
copper, and DBI, 


plexes 


was obtained as dissociation 


measurements quantities of 


In the one case (Fig. 2) where a 
copper-DBI absorption curve was obtained (at pH 
3.9), the peak of the new complex formed was found 
to differ from that of the copper-DBI complex. In 
addition, at higher pH values no precipitation of 
copper-DBI complex occurred in the presence of 
glycine, so it appears as if a complex different from 
copper-DBI were formed. The fact that the ab- 
sorbance of the new was considerably 
greater than that of the copper-DBI complex, as 
shown in Fig. 2 and Table I, also indicates a glycine 
copper-DBI combination 
Chelation of Other Biguanides. 


complex 


Eleven N, and 


N, substituted biguanides' were tested for their 


Supplied by Dr. S. L. Shapiro 


SrRUCTURE AND Activity OF BIGUANIDES* 


NH 


N-—C—N—C—N 


generously supplied by Dr. S. L 


-HCI 


R, 

R Ry 
H H 
H H 
H H 
CH H 
CH CH 
CyH,CH H 
C.H;CH H 
C.H;CH CH 
H H 
CH CH 
CH CH 
CH CH 


ability to chelate copper ton 


Shapiro, 


Hy pogl ycemic 
Activity 
Good 
Fair 
Gow ul 
Good 
Fair 
None 
None 
None 
None 
Good 
None 


. S. Vitamin and 


The structures and 


relative hypoglycemic activities are shown in Table 
Il, and the results of the chelate tests, using copper 


sulfate and alkaline media, are 
The test consisted of the is« 


listed in Table I11. 
lation of a water- 


0.120 
if 
/ 
2 0.090 
il 
| 
< 
i | \ 
< 0.060 / \ 
\ 
\ 
‘ 
; 
0.030 |; . 
“ 
650 FOO 750 800 850 800) 950 
my 
Fig. 2.—Spectrophotometric curves of coppet 


glycine and copper-glycine-DBI mixture at pH 3.9 


Copper-glycine, 
copper-DBI 


TaBLe lil 
SULFATE 


Chelate Isolated 
Compound Color at pH 
B Pink 7.4 
Pink 7.5 
By Violet 7.6 
Be Violet 9.2 
Bs Pink 7.2 
Bs Blue gray “5 
B Pale blue bn 
B Pink gray 7.4 
B Dark blue 7.8 
B Light blue 7.7 


copper-glycine-DBI, 


CHELATES OF BIGUANIDES AND COPPER 


Chelate 
Cu formed, 
Cu: B 
$.20 2 
11.68 2 
10.21 2 
12.48 1 
7.70 2 
28 None 
29 52 None 
14.80 1:1 
44.12 None 
51.04 None 


None 


| 
|_| 
B 
ae 
uP 
ae 
ad 
: 
Bu 


O44 


insoluble chelate, from 0.2 M solutions of biguanide, 
which gave a copper analysis agreeing with that for 
a 1:1 or 2:1 complex. In cases where no precipita- 
tion occurred, the pH was raised until either chelate 
or metal hydroxide was isolated 

It is evident from the results of these tests that 
the biguanides differ in their abilities to chelate 
copper ion. Formation of an insoluble salt or hy 
droxide, indicated by a high copper analysis, sug 
gested that either a very loosely bound complex or 
no complex at all had existed in solution. It appears 
from these results that copper complexation of alkyl 
substituted biguanides is hindered by the presence 
of three or four substituents on N,; and N 


DISCUSSION 


rhe results of both qualitative and quantitative 
chelation studies with DBI pointed to copper ton 
as having a relatively strong affinity for DBI com 
parable to that of glycine for copper ion (10). Other 
biologically important metal ions, with the exception 
of nickel ion in alkaline solution, did not give ade 
quate criteria of chelate formation to indicate com 
plexes of sufficient stability to be of importance 
The relative stabilities of copper-DBI complex and 
copper-glycine indicated that DBI should be capa 
ble of competing with cellular chelating agents, of 
which glycine may be taken as a representative 
example, for binding with available copper ions 

Furthermore, direct competition between DBI 
ind glycine showed that DBI was quite capable of 
combining with copper ion already bound to glycine 
in a 1:1 complex, although it appeared probable 
that a complex was formed between glycine, copper, 
ind DBL. Spectrophotometric determinations make 
this possibility appear more likely than a competitive 
removal of copper ion from the glycine 

\ further study designed to relate the importance 
of copper ion chelation with the hypoglycemic ac 
tivity of DBI was carried out with a number of re 
lated biguanides some of which were biologically ac 
tive and some were not. Examination of Tables II 
and III reveals that in most cases, those compounds 
capable of forming an insoluble chelate with copper 
sulfate were active, while those compounds that did 
not chelate were inactive Two exceptions are 
found in BS and B13; BS chelated but was in 
active, while B13 did not chelate but had activity 
Some other factor, possibly associated with the 
lipophilic characteristics of the molecules, must be 
of overriding importance in these cases 

A definite conclusion regarding copper ion chela 
tion as a factor in the hypoglycemic action of bi 
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guanides cannot therefore be draws from these 
studies. The possibility remains tha: a biguanide 
can combine with a metal ion already bound to a 
biologically important molecule, however. Another 
possibility, suggested by Shapiro (11), is that DBI 
is effective in the form of a cyclic derivative through 
hydrogen bonding between the imino nitrogens, 
which is essentially a chelation of hydrogen. In 
this event, the copper chelation reaction might 
serve as an indication of the biguanide molecule to 
assume such a cyclic form. However, the relative 
stability of the DBl-copper chelate, in comparison 
to stabilities of cellular chelating agents, such as 
glycine, cannot be overlooked, and it is evident 
that such a combination could take place in the cell 


SUMMARY 


1. 8-Phenethylbiguanide (DBI) is capable of 
complexing copper and nickel tons to give 1:1 
copper-DBI and 1:2 copper- and nickel-DBI com 
plexes which are probably chelate in structure 

2. Relative dissociation constants were deter 
mined for the copper-DBI complex and the 1:1 
copper-glycine complex at pH 4 and found to be 
of similar magnitude 

3. DBI was shown to combine with copper 
ion already bound to glycine over a wide pH 
range. It is probable that a glycine-copper 
DBI complex is formed 

1. Among a series of eleven alkyl-substituted 
biguanides, it was found that in most cases the 
ability to chelate copper ion paralleled hypo 
glycemic activity 
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Determination of Sterol and Triterpene Content 
Ocimum basilicum and Salvia officinalis at 
Various Stages of Growth 


By HAROLD J. NICHOLAS 


The sterol (8-sitosterol) and triterpene (ursolic acid I and/or II and oleanolic acid) 

content of O. basilicum and S. officinalis L. was determined quantitatively by a colori- 

metric method in various organs of the mature plants and in at least one prior stage 

of growth. In both plants the acidic triterpenes were absent from the seeds, but like 

the sterol, present in all stages of growth examined. There was an increase in con- 

centration of both sterol and triterpene with increasing maturity of the plants, with 
leaves and flower parts containing the highest concentration. 


I rHE COURSE of studying the incorporation 

of labeled precursors into sterols and penta 
cyclic triterpenes of higher plants it seemed of 
interest to determine quantitatively the sterol 
and triterpene content of the various organs as 
growth proceeds. Although it may generally be 
assumed that sterols occur at all stages of growth 
in higher plants (1) the same cannot as yet be 
said for the pentacyclic triterpenes, and the 
quantitative distribution of the latter within any 
particular plant has received comparatively little 
attention 

The isolation of 8-sitosterol, ursolic acid II, 
and oleanolic acid from O. basilicum has been pre- 
viously described (2). 8-Sitosterol has also been 
isolated from S. officinalis L.!_ The ursolic acids 
(I and II) and oieanolic acid have also been re- 
ported present in S. officinalis L. (3). These 
plants and several others of the Labiatae family 
therefore seem suitable for study of sterol and 
pentacyclic triterpene biosynthesis. In approach- 
ing this problem with O. basilicum and S. offict- 
nalis L. it seemed of merit to (a) develop tech- 
niques satisfactory for separating the sterol and 
acidic triterpenes on a small scale and (6) deter- 
mine the quantitative relationship between sterol 
and triterpene, based on the use of these tech 
niques 


EXPERIMENTAL 


Materials.-_All seeds were obtained from the 
Vaughn Seed Company, Chicago, Ill, and all 
plant material was grown from these seeds. The 
ethyl ether was A. R. grade; all other solvents were 
a highly purified grade and were distilled before use 
The petroleum ether and ligroin had boiling points 
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! Unpublished observations Analytical data obtained 
were similar to that for 8-sitosterol from several other Labi 
ates (2): free compound, m. p. 138-140 a |p" — 29 (CHCl); 
acetate, m. p. 126-127 44 (CHCl); benzeate, 
m. p. 147-148°; — 12 (CHCl) 


of 30-60° and 90-120°, respectively. The sterol 
and triterpene standards were obtained from sources 
previously outlined (2). For the colorimetric de- 
terminations either a Beckman DU or Coleman 
model 14 spectrophotometer proved satisfactory 
Preparation of Plant Material for Quantitative 
Estimation of Sterol and Triterpene.— Eight full- 
flowering O. basilicum plants were uprooted, washed, 
and sectioned into roots, stems, leaves, flowers, and 
flower stalks. Stems consisted of that portion 
about 5 em, above ground level to the level of the 
lower flowers. Leaves were removed close to the 
stem and consisted of blade and petiole. Stipules 
were removed close to the stem and discarded. 
Flowers consisted of all flower parts including the 
greenish calyx; they were carefully dissected from 
the flower stalks with scissors and tweezers. A 
number of flowering S. officinalis L. plants were 
similarly treated, except that the roots were dis- 
carded. There were no “ower stems present on 
these plants 
Seedlings were obtained from flats grown under 
greenhouse conditions. All portions were dried 
in a cool area for several weeks, then finely ground 
Preliminary tests with O. basilicum indicated a 
possible difference in concentration of sterol and 
triterpene in leaves depending upon the position 
of the leaf on the plant. Therefore the leaves from 
the flowering O. basilicum plants were divided into 
two portions, one consisting of only those extending 
downward about 8 cm. from the top of the plant 
(‘upper leaves’) and those extending upward 8 cm. 
from the lowest leaf producing area (“lower leaves’’ ) 
Preparation of Extracts for Determination of 
Sterol and Triterpenes.—Each plant part was 
exhaustively extracted with 95° ethanol in a 
Soxhlet extractor, with several changes of ethanol 
over at least a forty-hour extraction period. The 
ethanol was distilled off in vacuo and the residue was 
subjected to the fractionation shown in Fig. | 
This flow sheet was established by trial and error 
and found to give nearly quantitative recovery of 
microgram quantities 8-sitosterol and the acidic 
triterpenes from aqueous mixtures or when added 
to plant extracts low in the sterol or triterpene 
Determination of Sterol.—The nonsaponifiable 
fractions (Fig. 1) were dissolved quantitatively in 
acetone-absolute ethanol. To aliquots of this 
solution digitonin was added exactly as described by 
Sperry and Webb (4). The precipitated digitonides 
were washed as for “‘total’’cholesterol digitonide 
(4) and the 8-sitosterol determined quantitatively 
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Extract Residue 


Distribute between 500 mi. ethy! ether, 
100 mi. H,O 


Wash 3x with 25 ml. 


| 
Washings Ether 


Discard 


Distill. Reflux residue | hr with 20 mi. 
10% alc. KOH. Acidify with 20 mi. 
conc. HCl. Distribute between 500m. 
ethyl! ether, 50 mi. petroleum ether 


and 200 mi. HO 


i 


Organic Phase 


a 
Aqueous 


Extr. 3x with 
lOO ml.5% NaHCO, 


Organic Phase 


Extr. 5x with 
100 ml. 1% KOH 


NaHCO, 


Discard 


| 
Aqueous 


Add 20 ml. conc. HCI. 
Reflux 2 hrs. Extr. with 
500 mi. ethyl, 50 mi. 
pet ether 


Organic Phase 


Aqueous Fractionate as for 


original ether— 
soluble material, 
omitting sapon- 
ification 


Discard 


Obtain sterol and 
triterpenes originally 
water-soluble 


Organic Phase 


Wash 3x with 
50 mi. 


Non-Saponifiabie 
Residue 


Aqueous 


Discard 


Detn. sterol content by 
Sperry—Webb method 


Fig. 1 Flow sheet for quantitative fractionation 
on dried digitonide residues with the Liebermann 
Burchard reagent. 8-Sitosterol digitonide ( 
sterol) exhibits maximum absorption 
with 
curve is 


or sito 
at 620 my 
reagent The 
concentration-absorbance linear up to 
0.1 mg., and the quantity of 8-sitosterol in the 
plant fractions was determined by comparison of 
absorbance readings with those from a sitosterol 
digitonide 
isolation 


within twenty minutes this 


our earlier 
B-sitosterol is the 


Standard curve Based on 


studies (2), principal 
sterol present in O. basilicum. It should be borne 
in mind, that trace 3-8-hydroxy 
not detected in this previous work and responding 
to the Liebermann-Burchard reagent will also be 
included in the above determination 


however, sterols 


Aqueous 


Discard 


KOH Extracts 


Acidify with 20 ml. conc. HCl 
Extr. with 300 ml. ethyl ether 


Ether 


Wash 3x with 25 ml. HAO. 


Discard washings, distill 
ether. 


Residue 


Detn. triterpene 
content 


of sterol and acidic triterpenes from plant extracts.* 


Separation and Determination of the Triterpenoid 
Acids.—.The Bush solvent ligroin 10, 
methanol 8, > (5) was found to separate 


system 
water 2 
oleanolic acid and ursolic acids I and II satisfac 
torily. The triterpene fractions (Fig. 1 

were quantitatively dissolved in absolute ethanol 
and aliquots were spread on a starting line 7 cm 
from the edge of a 17 X 47 cm. strip of Whatman 
No. 1 


ethanol 


acid 


and 
current of 
for distributing large 
After overnight equilibra 
decending chromatography was begun 
with the upper phase of the Bush mixture as the de 
veloping phase. Under these conditions oleanolic 


washed with water 


dried ) \ 


paper previously 
(and 
warm air 


thoroughly 
Was necessary 
volumes of 


tion at 37 


aliquots 
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TABLE I.—CONCENTRATION OF 8-SITOSTEROL AND 
Acip II 1Nn O. basilicum ORGANS AT V ARIOUS 
GRowTH STAGES 


Micrograms per Gm. of 
Dried Plant Part* 


Plant Sample Ursolic Oleanolic 
Part Wt., Gm. sterol Acid II Acid 
Seeds 14.22 529 0 0 
Seedlings, whole 
1 wk. old 3.79 230 
5 wks. old 3.96 2R4 64 
Preflowering plant 
Stems 535 Trace 
Roots 2 40) 1430 
Leaves 11.29 1062 454 


Mature, flowering 
plant 
Upper leaves 
Upper leaves 
Upper leaves 


$81 1.709 1,148 
$86 1,767 1,195 
1,762 1,299 
4 


Lower leaves 13 899 $12 

Lower leaves 3.06 937 547 

Main stem 35.50 S46 106 

Roots 16.67 409 

Flower stems 3.24 32 154 
Flowers 6.28 1,053 1,274 1,300 


4 Each determination is the average of at least two values 
checking within 5 


TABLE II CONCENTRATION OF STEROL AND ACIDIC 
TRITERPENES IN SS. officinalis at VARIOUS GROWTH 
STAGES 


Micrograms per Gm. of Dried 
Plant Part 


Plant Sample B-Sito Ursolic® Oleanolic 
Part wt Gm sterol Acid Acid 
Seedlings, whole, 
3 wks. old 3.0 Trace Trace Trace 


Mature, flower- 
ing plant 
Leaves 9.8 2,450 1,260 790 
Stems 4.2 1,220 200 400 
Flowers 3.9 2.060 1,300 140 
* Includes ursolic acid I and II since these are not separated 
by the paper chromatography used 


acid moved almost with the solvent front while ur 
solic acids I and II remained at the starting line 
Pure oleanolic acid moved as a discrete spot with 
slight tailing in quantities of 100 meg. or less; quanti 
ties greater than this tended to spread as a smudge 
For detection or quantitative determination of olean 
olic acid, the lower end of the paper was tapered and 
led into a small beaker into which the overflow 
was collected. Separation was allowed to proceed 
for forty-eight hours. For ursolic acid I or II, 
estimation strips 2 cm. above and 6 cm. below the 
whole length of the starting line were cut from the 
paper into small pieces. The latter were boiled 
three times with 25-ml. quantities of absolute eth 
anol; the solvent was then decanted through glass 
wool into flasks from which the ethanol was evapo- 
rated in vacuo. The residue was then diluted to 
fixed volume with absolute ethanol; the overflow 
material, freed of solvent, was similarly treated 
Aliquots of these solutions were freed of solvent 
in vacuo and the triterpene content determined 
quantitatively on the residue with the Liebermann- 
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Burchard reagent, as described by Sperry and Webb 
(4) for cholesterol determination except for the 
following time intervals for color development: 
oleanolic acid, ninety minutes; ursolic acids I or 
Il, sixty minutes. The compounds exhibited a 
linear relationship between concentration and 
absorbance up to 0.1 mg. Quantitative determina- 
tion was made by comparison with standard curves 
prepared from the free, analytically pure compounds 

\ preliminary qualitative survey for the tn- 
terpenoid acids using 3-5 Gm. of dried plant part 
was made by spraying the chromatographed papers 
with 10°; antimony pentachloride in chloroform, 
whereupon a gradually developing pink-red color 
indicated the presence of triterpene. As little as 
10 meg. of ursolic acid I or IT and 50 meg. of oleanolic 
acid were detected visually by this method Olean- 
olic acid was best detected by respotting the forty 
eight-hour overflow material on a second paper, 
followed by the antimony pentachloride spray 
\ similar qualitative determination was made for 
sterol, using as the detection method formation of a 
digitonide precipitate according to Sperry and 
Webb (4 


RESULTS AND DISCUSSION 


Preliminary qualitative tests indicated that in 
0 basilicum sterol, ursolic acid Il, and oleanolic 
acid were present in one week-old seedlings, with 
the triterpenoid acids present both in the “aqueous 
fraction’’ (presumably conjugated as glycosides) 
and as the “free,’’ ether-soluble triterpene. No 
triterpene acid and only a trace of sterol was de 
tected in the “aqueous fractions’’ of ethanol con 
centrates from all parts of the mature plant. Ap 
parently with increasing age, in this plant at least, 
there is a shift of conjugated triterpene to the non- 
conjugated form 

Some quantitative values for sterol and triterpene 
at several periods in the life cycle of O. basilicum and 
S. officinalis are shown in Tables I and II, respec 
tively. Values shown are only for the ether-soluble 
portion of alcohol concentrates. Since the water- 
soluble form of sterol and triterpene in very young 
plants was indicated in only trace amounts by the 
preliminary qualitative survey, the primary con 
clusions drawn from these figures would appear to 
be valid; namely, that there is an increased con 
centration of both sterol and triterpene with in 
creasing maturity of the plant. In the mature 
plants both sterol and triterpene were concentrated 
in the flower parts and leaves and in O. basilicum 
were higher in the upper portions of the leaves 
The reason for the latter is not apparent at present 
In general, it appears that within both plants the 
distribution of sterol and triterpene follows a 
similar quantitative pattern. Both acidic triter- 
penes were conspicuously absent from the seeds 
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Effects of d/-, /-, and d-Ephedrine on Levarterenol 
Tachyphylaxis in the Isolated Heart of 


Venus mercenaria 


By HENRY P. CIUCHTA and DAVID E. MANN, Jr. 


The comparative potencies of d/-, /-, and a in completely blocking the 
development of levarterenol tachyphylaxis (c 


aracterized by diminished negative 


inotropic responses) in the isolated heart of Venus mercenaria were as follows: 
/-ephedrine was the most potent; d/-ephedrine was intermediate; d-ephedrine was 


the least potent. 


The observance of positive inotropic responses, occurring with 


higher doses of ephedrine isomers, indicated that both agents may act at the same 


receptor site. 


Furthermore, it is speculated that ephedrine may possibly block the 


inhibitory cardiac sites upon which levarterenol acts, thereby allowing the latter 


PHENOMENON of acute tolerance or 


Hl 
bet laxis occurs when successive, equal 
doses of a pharmacologic agent elicit diminished 
responses when administered at frequent inter 
vals. A number of diverse and chemically un 
shown to exert 
Although tachyphyl 


axis to the pressor action of levarterenol has not 


related agents (1-3) have been 


tachyphylactic responses 


been demonstrated, Pless and Mann (4), and more 
that 
successive administrations of levarterenol to the 


recently Fujita and Mann (5), observed 


isolated heart of Venus mercenaria produced 
tachyphylaxis to the negative inotropic effects of 
the amine 

It has been pointed out (6) that the actions of 
levarterenol and epinephrine in the Venus heart 
are similar and probably mediated through the 
same mechanism. Furthermore, Gaddum and 


Kwiatkowski (7) 
ephedrine are capable of 


reported that large doses of 
blocking the 
epinephrine to prevent 


motor 
the 
Because the 


receptor sites of 


mediator from exerting an effect 
racemic isomer of ephedrine, at various concen 
trations, was found to modify (diminish) the nega 


tive inotropic effect of levarterenol in the iso 


lated Venus heart (5), a further investigation was 


undertaken to determine the comparative effec 


tiveness of the di-, l-, and d-isomers of ephedrine 


hydrochloride in preventing the onset of acute 
tolerance 
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EXPERIMENTAL 


The heart of Venus mercenaria was isolated ac 
cording to the methods of Welsh and Taub (8) and 
Wait (9). The heart was then attached to a rod in 
the bathing chamber containing 40 ml. of filtered sea 
water, according to the Fujita 
Mann (5 rhe specific gravity of the sea water 
Was maintained at 
kept at 25-26 
made on 
The figures in 
inhibition, 
amplitude 


technique of and 
1.025 and the temperature was 
Recordings of contractions were 
i Livingston long-paper kymograph. 
Fable I, 


rived by 


representing per cent 
dividing the 
millimeters) recorded within 
three after the administration of levar 
terenol, by the amplitude value preceding the ad 


ministration of the drug 


were d lowest 
value (in 


minutes 


Amplitude values were 
determined before and after each injection of levar 
terenol' into the bathing chamber. The terms trial I, 
trial Il, and trial III refer to the three types of 
treatment that each Venus heart underwent. Trial 
I refers to the administration of three or four suc 
levarterenol to establish a tachy 
phylactic response in a fresh Venus heart; trial Il 
designates that the same heart, after washing, was 
pretreated with the appropriate isomer and dose of 
ephedrine hydrochloride (1°) before the 
quent injection of three or four doses of levarterenol ; 


cessive doses of 


subse 


and trial III pertains to the re-establishment of 
tachyphylaxis by the administration of three or 
four successive doses of levarterenol to the heart 


after washing at the completion of trial Il 

Effect of d/-Ephedrine Hydrochloride on Levar- 
terenol Tachyphylaxis. After 
contractions, the isolated Venus heart was challenged 
with three or four 0.40-ml. doses of levarterenol, ad 
ministered 


recording normal 


at six-minute intervals until complete 
tachyphylaxis had developed (characterized by an 
absence of response to the third or fourth dose 

The amount of levarterenol in 40 ml 
and the relative concentrations after each dose were 
as follows: 0.4 mg. (1 X 10~*) after the first dose, 
O.8 mg. (2 X 10°*) after the second, 1.2 mg. (3 X 
10~*) after the third, and 1.6 mg. (4 X 10°) after 
the fourth. Following the onset of acute tolerance, 
the Venus heart was allowed to beat for three 
minutes, whereupon it was washed and rewashed 


of sea water 


Levophed bitartrate.0.1°% base, Winthrop Laboratories 


ab: 
4 


TABLE I 
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Trial I 
Dose of Levarterenol 
No Ist 2nd 3rd ith 


ist 
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PER CENT INHIBITION OF THE PREINJECTION AMPLITUDE OF THE HEART OF Venus mercenaria 
AFTER EACH SUCCESSIVE ADMINISTRATION OF 0.40 ML 


OF LEVARTERENOL DuRING TRIALs I, II, AND III 


Trial Il Trial 
Dose of Levarterenol Dose of Levarterenol 
2nd 3rd 4th Ist 2nd ird ith 


lrial Il Includes d/-Ephedrine Hydrochloride Pretreatment (5.0 mg./40 ml. Sea Water) Prior to Levar 
terenol 


6 6 


0 
0 
() 


0 
0 


Trial II Includes /-Ephedrine Hydrochloride Pretreatment (1.9 mg. /40 ml. Sea Water) Prior to Levarterenol 
I 


l S 9 0 
2 11 21 0 
3 12 6 0 
4 14 25 0 
5 16 10 0 
6 14 1S 0 
7 31 28 10 0 
60 iS 35 0 


0 0 13 6 0 
0 7 0 
0 Ss 22 0 
0 0 7 4 0 
0 0 5 Q 0 
0 0 ‘) 14 } 0 0 
12 0 0 24 Q 0 0 


Trial II Includes d-Ephedrine Hydrochloride Pretreatment (5.5 mg./40 ml. Sea Water) Prior to Levar- 


l 

2 14 0 
3 20 16 0 
4 25 5 0 
5 


with fresh sea water for minute periods. Responses 
obtained from this procedure were designated as 
trial I 

Following the wash, the Venus heart was per 
mitted to beat for three minutes. It was next pre 
treated with various doses of dl-ephedrine hydro 
chloride (1.3, 2.7, 4.0, and 5.0 mg.) so that when 
injected into 40 ml. of sea water the respective 
concentrations were: 3.25 K 10°75, 6.5 K 1075, 1 X 
10-*, and 1.25 10-* Approximately four 
minutes later the isolated Venus heart was treated 
with three or four 0.40-ml. doses of levarterenol 
This phase of the treatment was referred to as trial 
Il 

Trial III consisted of the administration of three 
or four 0.40-ml. doses of ievarterenol to obtain the 
previously attained concentrations for the purpose 
of re-establishing tachyphylaxis in the same Venus 
heart after the final washing at the end of trial II 

Tachyphylaxis was demonstrated in trial I in all 
hearts after the administration of a 1.2 or 1.6-mg 
dose of levarterenol 

Acute tolerance was observed in trial I] in all 
Venus hearts pretreated with 1.3 mg. of dl-ephe 
drine; 2.7 mg. produced complete blockage of tachy- 
phylaxis in 1 out of 8 cases; 4.0 mg. brought about a 
complete blockage in 4 out of 9 cases; 5 mg. caused 
complete blockage of the negative inotropic response 
in 7 out of 8 cases (Table 1). The respective concen 
trations were: 3.25 K 1075, 6.5 10°75, 1 & 10>4, 
and 1.25 

Effect of /-Ephedrine Hydrochloride on Levar- 
terenol Tachyphylaxis...The Venus heart prepara- 
tion was treated as in the previous part with the 


terenol 


0 
0 
0 
0 
0 
0 
0 
15 


0 

0 0 q 7 0 
0 0 5 15 0 
0 0 16 10 0 


0 2 
0 0 0 15 14 10 0 


exception of trial II which consisted of the pre- 
treatment with various doses of /-ephedrine hydro 
chloride (1.3, 1.5, 1.7, 1.8, and 1.9 mg.) so that 
3.25 10-5, 3.75 X 107%, 4.25 XK 1075, 4.5 & 10>, 
and 4.75 X 10°* concentrations were attained 

Tachyphylaxis was obtained in trial II in all prepa- 
rations pretreated with 1.3 mg. of l-ephedrine; 1.5 
mg. completely blocked the negative inotropic re 
sponses in | out of 7 cases; pretreatment with 1.7 mg 
brought about complete blockage of tachyphylaxis in 
tout of 8 cases; a 1.8 mg. dose resulted in blockage 
in 6 out of 9 cases; 1.9 mg. of /-ephedrine completely 
blocked tachyphylaxis in 7 out of 8 cases 

Effect of d-Ephedrine Hydrochloride on Levar- 
terenol Tachyphylaxis...The Venus heart prepara 
tion was treated in the same manner as in the pre 
vious two parts of the experiment with the excep 
tion that trial II included the pretreatment with 
different doses of d-ephedrine (1.8, 1.5, 2.5, 3.5, 4.5, 
5.0, and 5.5 mg.) in order to attain the final con 
centrations of 3.25 & 10°5, 3.75 kK 10°45, 6.25 x 
10-5, 8.75 & 107%, 11.25 107%, 1.25 & 10-4, and 
1.38 10 

Tachyphylactic responses were obtained in trial 
II in all 9 preparations after pretreatment with 1.3 
mg.; likewise, 1.5 mg. did not produce any block 
age in 8 preparations; 2.5 mg. caused a complete 
blockage in 1 out of 8 cases; blockage in 2 out of 7 
cases was obtained with 3.5 mg.; 5 out of 8 cases 
were blocked by 4.5 mg.; 6 out of 8 cases demon 
strated blockage of the tachyphylactic response 
ifter attainment of a 5.0 mg./40 ml. concentration; 
complete blockage of tachyphylaxis was obtained 
with 5.5 mg. in 7 out of 8 cases. 


é 
= 
0 0 3 10 0 
2 14 10 0 0 6 0 
a 3 IS 13 0 0 3 7 0 
a 4 3 62 0 0 2 6 0 
5 27 10 6 1) 0 
6 55 6 0 0 5 11 0 
7 63 12 0 a 50 25 0 
8 72 5O 23 0 24 34 0 ea 
0 
0 
0 
0 
0 
0 
4 0 
0 
6 63 a 
7 60 0 
a 54 100 11 0 
4 
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DISCUSSION 


The tachyphylactic response, which was demon 
strated in each Venus heart preparation of tral I, 
was modified in trial II by pretreatment with the 
dl., l-, and d-isomers of ephedrine Low doses of 
the different isomers altered the tachyphylactic pat 
tern (Figs. 1 and 2), while higher doses caused a 


complete blockage of the negative motropic re 
sponse (Fig. 3 Because the responses elicited in 
trial II] were greater than those in trial II (Figs 
1 and 2), it was evident that the various isomers of 
ephedrine had exerted an inhibitory influence on the 
onset of tachyphylaxis 

The establishment and mechanism of tachy 
phylaxis in the heart of Venus mercenaria are not 
elucidated in any great detail in the literature 
From available information concerning the develop- 
ment of acute tolerance in other species, one can 
probably assume that levarterenol exerts its action 
negative imotropic response) upon ai receptor 
mechanism that rapidly becomes unresponsive to 
repeated doses because of the accumulation and de 
sensitization at the receptor site 

As a result of this investigation, it was concluded 
that the most potent isomer in preventing the de 
velopment of tachyphylaxis was the levorotatory 
form of ephedrine, while the dl/-isomer was less 
potent und the d-isomer, the least active The com 
parative potencies of these isomers are recorded in 
rable Il rhe relative potencies of the isomers ts 
in agreement with the findings of Blaschko (10) and 
Dimson (11) which substantiate the fact that /-ephe 
drine exerts a more predominant action and therefore 
is expected to be a more powerful antagonist. The 
effectiveness of l-ephedrine ts further corroborated 
by the fact that the spatiai configuration of /-isomers 
may contribute to their marked potency 

It has been reported (6) that levarterenol and 
epinephrine produce similar responses in Venus mer 
cenaria and it would appear that both of these 
imines may act at the same receptor mechanism 
Curtis (12 )postulated that ephedrine can combine 
with epinephrive receptors in a manner similar to 
substrate competition These factors seem to yield 
corroborative evidence that ephedrine acts at the 
same receptor site as levarterenol, for pretreatment 
of the Venus heart with ephedrine blocks the action 
of levarterenol 

‘he observation of a positive inotropic effect in 
the Venus heart after the administration of large 


doses of ephedrine, and the potentiation of this 
response by levarterenol, may indicate that both 


Taa.e Il PERCENTAGE OF Venus Hearts COMPLETE 
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Fig. 1.—-Levarterenol-induced responses of the 
heart of Venus mercenaria during trials I, II (in 
cludes pretreatment with 0.13 ml. of d/-ephedrine 
hydrochloride, 1°)), and III V, Normal con 
tractions: A, 0.40 ml. levarterenol; W, wash with 
fresh sea water; .I13DLE, 0.13 ml. dl-ephedrine 
hydrochloride, 1°); time in minutes 


Fig. 2.—-Levarterenol-induced responses of the 
heart of Venus mercenaria during trials I, Il (in 
cludes pretreatment with 0.18 ml. of Lephedrine 
hydrochloride, 1°,), and III N, Normal con 
tractions: A, 0.40 mil. of levarterenol; W, wash 
with fresh sea water ISLE, 0.18 ml. of /-ephedrine 
hydrochloride, time in minutes 


wa A A w .SSDE A A awa A 


Fig. 3.—Levarterenol-induced responses of the 
heart of Venus mercenaria during trials I, II (in 
cludes pretreatment with 0.55 ml. of d-ephedrine 
hydrochloride, 1°, ), and V, Normal, contrac 
tions: A, 0.40 ml. levarterenol; W, wash with fresh 
sea water; .55DE, 0.55 ml. of d-ephedrine hydrochlo 
ride, 1©,; time in minutes 


agents may act at the same receptor sites In 
speculation, large doses of ephedrine may block the 
inhibitory sites, thus allowing levarterenol to 
evoke a stimulatory action by affecting the excita 
tory receptors, which results in a positive inotropi 
response The presence of excitatory ind /or de 


BLOCKAGE TO ALL ADMINISTRATIONS 


or LEVARTERENOL AFTER PRETREATMENT WITH VARIOUS Doses or d/-, /-, AND d- EPHEDRINE HYDROCHLORIDE 


IN TRIAI 


Il 


il Ephedrine Ephedrine Ephedrine 


Unresponsive Heart 


1.3 1.3 
2.34 12.5(1/8 15 
44.4(4/9 1.7 
5.0 87.5(7/8 1.8 

1.9 


® Dose is mg./40 ml. sea water 


Unresponsive Hearts Unresponsive Hearts 


1.3 


14.3 (1/7) 1.5 
(4/8 25 3(1/7 
66.6 (6/9) 3.5 (2/7) 
87 .5(7/8) $5 5 

5 
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pressor nerve endings in invertebrates has been 
referred to by Welsh (6) 

Several preparations in the experiment were un- 
responsive to all dosage levels of levarterenol in 
trial III, while some responded to one or two dose 
(Fig. 3). This resistance was noticed only at higher 
dosage levels of the isomers and probably was due 
to the ineffectiveness of the wash, thus allowing 
ephedrine to remain at the sites of action and pre- 
vent levarterenol from exerting an effect. How- 
ever, the possibility exists that the Venus heart had 
become densensitized and required more time to 
become responsive 


SUMMARY 


Pretreatment of the isolated Venus heart in 
trial II with various concentrations of the d/-, /-, 
and d-isomers of ephedrine hydrochloride has in- 
dicated that /-ephedrine is the most potent 
antagonist of levarterenol tachyphylaxis; di/- is 
less effective, while d-ephedrine is the least 
potent 

It is suggested that ephedrine could block 
levarterenol responses by acting on the same 
receptor sites which levarterenol activates, for it 


Uniformity of Drug Dosage in Compressed Tablets 


By R. E. MOSKALYKf#, L. G. CHATTEN,? C. E. COX,{ and M. PERNAROWSKI 


The weighing and assaying of individual tablets was carried out in order to deter- 
mine the actual variability in drug dosage that exists in some compressed tablets. 
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has been observed that levarterenol and epi- 
nephrine appear to act at the same receptor site. 
Observance of a positive inotropic effect with 
higher doses of ephedrine isomers, which is pro- 
portional to their relative blocking ability, and 
the potentiation of this response with subsequent 
administrations of levarterenol indicated that 
perhaps both agents act at the same receptor 
site. Furthermore, it is postulated that ephe- 
drine may block the inhibitory sites, thus 
allowing levarterenol to exert a stimulatory effect. 
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The variations in potency found in a batch of tablets were, as a rule, greater than 
those indicated by the uniformity of weight test. Deviations were found to be 
greater in the lightest weight tablets within a batch. Should this prove true for all 
tablets, then a test based on the analysis of a small number of the lightest weight 
tablets, or groups of tablets, could be adopted as a control over uniformity of drug 
dosage. Used in conjunction with the uniformity of weight test, it would provide a 


T= COMPRESSED TABLET has become the most 

acceptable dosage form for the administra- 
tion of orally effective therapeutic agents. It 
provides a convenient and, if well made, an 
efficient form of drug administration. Among 
the essential qualities of a well made tablet, 
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more effective control over excessive dosage variability in tablets. 


Burlinson (1) considers uniformity of drug dosage 


to be of prime importance. In compressed 
tablets, this is dependent upon a uniform distri- 
bution of the active ingredient or ingredients 
throughout the tablet matrixes and upon a con 
stant tablet weight. The British Pharmacopoeia 
Commission, in setting standards for tablets, 
makes the assumption that a perfect distribution 
within the tablets does, in fact, exist and employs 
the criterion of uniformity of tablet weight as a 
control over uniformity of drug dosage (2). This 
same assumption is probably made by all other 
pharmacopeias which utilize the uniformity of 
weight test for this purpose. Evers (2) felt 
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that this was unavoidable ‘‘since the analyst can 
hardly be asked to carry out separate assays on a 
number of tablets." However, he recognized 
the fact that undetectable variations due to 
improper mixing, when combined with variations 
in tablet weight, could result in differences in 
dosage greater than desirable 

The problems associated with the mixing of 
solids are many and complex (3). No hard and 
fast rule exists whereby homogeneous mixing can 
be obtained invariably and assuredly. There 
have been very few reports published, of an 
experimental nature, dealing with the effects of 
incomplete mixing on the uniformity of drug 
dosage. The analyst is therefore in the un 
fortunate position of having to ascertain the 
quality of the tablets which he analyzes by 
making an assumption for which he has no real 
basis 

The purpose of this study was to determine the 
actual variability in drug dosage of some tablets 
marketed in Canada by a representative group 
of manufacturers. The products chosen repre 
sent a group of tablets, official in the U. S. P 
XVI, having allowable potency and weight 
tolerances of +5 per cent 


EXPERIMENTAL 


Procedure.—-One bottle of 100 tablets from each 
of four brands of acetylsalicylic acid (AS), p 
aminosalicylic acid (PAS), and sulfadiazine tablets 
was obtained directly from the manufacturer by a 
Food and Drug inspector 

Weight Variation.__Twenty tablets were selected 
at random from each of the bottles, weighed indi- 
vidually to the nearest 0.01 mg., and placed in 
numbered vials for subsequent assay 

Assay.—-Each tablet was assayed at least in dupli 
cate by the appropriate nonaqueous titrimetric pro 
cedure 

Acetylsalicylic Acid Tablets—-An_ accurately 
weighed sample equivalent to about 50 mg. of 
acetylsalicylic acid was placed in a 150-ml. beaker, 
40 ml. of acetone added, and the mixture stirred for 
ten minutes. The acetone extract was suction 
filtered through Whatman No. 2 filter paper, and 
the residue washed with a further 10-ml. portion of 
acetone. Four drops of thymol blue indicator 
(0.5° in methanol) were added, and the titration 
vessel covered to protect the solution from atmos 
pheric carbon dioxide. The solution was then 
titrated with 0.05 N potassium hydroxide in methanol 
to a blue end point. The blank was determined on 
5) ml. of the solvent. Each ml, of 0.05 N potassium 
hydroxide in methanol is equivalent to 9.01 mg. of 
acetylsalicylic acid 

p-Aminosalicylic Acid 1 ablets.—The assay pro- 
cedure used was that described by Chatten (4). 

Sulfadiazine Tablets —The method reported by 
Vespe and Fritz (5) was employed, methanolic 
potassium hydroxide being used as the titrant in 
stead of sodium methoxide. It has been shown that 
for the direct titration of organic acids, potassium 
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hydroxide in methanol is as satisfactory as a solu 
tion of sodium methoxide prepared in the usual way 
(6). The former titrant is much simpler to pre 
pare and was used successfully for the analysis of 
each of the three compounds described. It was 
found necessary to purify the dimethylformamide 
(DMF) before using it as the solvent in the above 
titrations. The method used for the purification is 
given elsewhere (7) 


RESULTS AND DISCUSSION 


The samples used for this study were obtained 
directly from the manufacturer in 100-tablet lots 
These lots represent a single sample of production 
and, nence, it was not possible to estimate the sam 
pling error within a brand 

In order to rule out as far as possible errors in 
herent in the assay procedure, a method which 
would permit replicate determinations on a single 
tablet was essential. Nonaqueous titrimetry ful 
fills this requirement for the three drugs studied 
The official procedures described for these tablets 
call for an assay sample approximately equivalent 
to one tablet and hence could not be used for a 
study of this type 

Assay Precision. knitially, four to five assays 
per tablet were carried out on five or more tablets 
This was done for either one or two brands from each 
of the three compounds studied. An estimate of 
the assay variation was made for each brand from 
the appropriate mean square in the analysis of vari 
ance. The results appear in Table I 

A second and more complete estimate of the 
variances, based on the duplicate assays of all 12 
samples, was made. Where more than two assays per 
tablet had been carried out, only the first two were 
considered for the estimate of the assay precision 
Results appear in Table II 

It may be noted that in three instances only 15 
of the selected 20 tablets were assayed. Toward the 
end of the study, some preliminary estimates were 
made and a table of ranges determined to assist in 
predicting a sample size less than 20 tablets but 
ac equate for the variance estimates. In most cases 
1» tablets were found to be suitable 

Tablet Weight.—- Variations in individual weights 
within a batch of tablets may arise from (a) errors in 
the setting of the machine, (/) irregular filling of the 
die due to the lack of a uniform free-flowing granula 
tion (8), (c) incomplete filling ot the die due to in 
ternal flow and segregation of the granulation in the 
hopper leading to a depletion of fines in the latter 
stages of compression (9), and (d) too large or too 
smali a granulation particle size (10). To a large 
measure excessive variations are controllable; how 
ever, certain small deviations can always be ex 
pected. In recognition of this, tolerances have 
been established by the pharmacopeias for the 
protection of the patient against excessive disparity 
in drug dosage 

The mean weights and the ranges in weight for 
each brand are included in Table II]. Brand D of 
sulfadiazine failed to meet U. S. P. XVI tolerance 
limits for uniformity of weight. Brands A and D of 
AS and brand K of sulfadiazine each contained one 
excessively heavy tablet which, in each case, proved 
to be an outlier when subjected to the Dixon test 
(11). Although normally an outlier is rejected from 
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TABLE I[.—-PRELIMINARY 


ESTIMATES OF PRECISION 


Degrees Standard 


No. of of Estimated Deviation 

Assays Freedom Variance (% Recovery) 
21 16 0.0447 +0.21 
20 15 0.0611 0.25 
5O 40 0.1313 0.36 
24 19 0.0440 0.21 
21 16 0.0097 0.10 


TABLE II ESTIMATES OF ASSAY PRECISION BY BRANDS 


No of 
Compound Brand Tablets 
AS A 5 
B 5 
PAS E 10 
F 5 
Sulfadiazine D 5 
Compound Brand 

AS \ 

B 

D 

PAS E 

F 

G 

H 

Sulfadiazine D 

I 
J 
K 


Standard 


Degrees of Estimated Deviation 

Freedom Variance Recovery) 
20 0.0454 +0.21 
20 0. 0822 0.29 
20 0. 0456 0.21 
20 0.0319 0.18 
20 0.1197 0.35 
15 0.0282 0.17 
20 0.0269 0.16 
20 0.0053 0.07 
20 0.0246 0.16 
20 0.0241 0.16 
15 0.0142 0.12 
15 0.0259 0.16 


TaBLeE II] —Means (X), RANGES (R), AND COEFFICIENTS OF VARIATION (C.V.) FOR TABLET WEIGHT 


AND POTENCY" 


Labeled Claim 


mg No, 

Equiva of Tablet Weight, mg Potency - C.V.—— 
Compound Brand lent) Tablets Xx R xX R Weight Potency 
AS \ 324 20 361.6 28.3 98 37 8.58 1.78 1.92 
B 320 20 73.5 27.8 98 62 7.29 1.62 1.80 

Cc 324 20 362.4 14.3 99.25 4.52 1.13 1.37 

D 324 20 342.6 33.8 88.2 10.38 2.01 2.33 

PAS E 500 20 578.9 38.8 99.14 6.12 2.03 1.74 
F 500) 15 581.0 44.7 92. 26 7.16 1.94 2.19 

G SOO 20 12.9 21.8 93 . 75 4.11 1.11 1.20 

H 500) 20 651.9 20.4 96 S85 6.14 0.85 1.47 

Sulfadiazine D 186 20 713.5 118.8° 96 64 16.49 4.85 5.03 
I 500 20 626.7 25.8 9908 4.34 1.21 1.27 

J 500 15 776.8 24.5 99.12 3. 37 0.94 0.95 

kK 186 15 592.0 69.6 87 . 82° 9.82 2.71 2.6 


» Potency refers to the amount of active ingredient recovered, expressed as a percentage of labeled claim. ° Fails to meet 


U.S. P. tolerance limits for uniformity of weight 


a group of observations, these tablets are a part of 
production and hence could not be omitted. It 
would appear that this occurrence may have re- 
sulted from an improper adjustment of one or more 
of the punches during compression. The coefficients 
of variation (C.V.) for tablet weight for each brand 
are also shown in Table III. These are simply the 
standard deviations, expressed as a percentage ot the 
mean weights. The smaller the coefficient of varia- 
tion, the smaller the deviations in individual tablet 
weights from the mean and consequently the better 
is the control over compression 
Potency.—Variations in the potencies of indi- 
vidual tablets may result from (a) incomplete mixing 
in the granulation from which the tablets were 
compressed, (>) a disruption, during compression, of 
the degree of mixing established in the granulation, 
and (c) variations in individual tablet weights. As 
mentioned previously, the pharmacopeias employ 
the uniformity of weight test as a control over 
variability in potencies. The tolerances for potency 


Fails to comply with U. S. P. tolerance limits for potency. 


as laid down by the pharmacopeias are for the con- 
trol of the average potency of a batch of tablets 
These were established taking into account several 
factors, perhaps the two most important of which 
are (a) unavoidable variations in compounding, and 
(b) the error inherent in the asssay procedure (12) 
The allowable tolerances for the tablets studied are 
95 to 105% of labeled claim (U. S. P. XVI). As 
may be seen in Table III, four brands failed to com- 
ply with these tolerances. It will be noted that 
although the four brands of each compound are sold 
as competitive products the labeled claims are not in 
all cases identical because of the acceptability of 
both the apothecary and the metric systems for 
labeling. If one calculated brands D and K on the 
basis of a labeled claim of 500 mg., to bring these 
in line with the other two brands, they would assay 
93.93 and 85.36%, respectively, instead of the 
observed values of 96.64 and 87.82%. The co- 
efficients of variation (C.V.) for potency are also 
given in Table III, It should be pointed out 
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that the values for the coefficients of variation for 
both tablet weight and potency, as they appear in 
Table III, refer to limits of one standard deviation 
from the mean and thus include only approximately 
68°; of the tablets in an entire batch. In order to 
include about 95°; of the tablets, these values must 
be doubled to give an approximation for these con 
fidence limits. A good agreement between the 
coefficients of variation for a brand signifies a similar 
deviation from the means for both tablet weight and 
potency. It in no way implies a direct relationship 
between tablet weights and their potencies. The 
greatest difference in the coefficients of variation oc 
curs for brand H of PAS, the variation in potency 
being nearly twice as great as that in tablet weight 
On the basis of a uniformity of weight test alone, 
brand H would appear to have the smallest devia 
tions in drug dosage but because of incomplete mix 
ing, the variability in potency is almost twice that 
indicated by the variation in weight 


Relationship Between Tablet Weight and Po- 
tency.—-The uniformity of drug distribution in a 
batch of tablets is dependent upon, but is not neces 
sarily identical with, that in (a) the granulation from 
which the tablets were compressed or (/) the powder 
used for the preparation of the granules. Banker, 
Christian, and DeKay (13) found that the distribu 
tion of a drug in a granulation could be improved 
over that of the parent powder by using a granulating 
igent in which the drug is soluble No significant 
change was found when either a partial solvent 
or a nonsolvent was used as the granulating agent 
\ further improvement resulted if the drug was dis 
solved in the granulating agent and added as such to 
the excipient powder rather than adding the gran 
ulating agent to a mixture of the drug and excipient 
Mixtures prepared from powders of widely divergent 
particle sizes tend to segregate rapidly if subjected 
to vibration in subsequent processing (3). The 
same is true of granules (9, 14) and hence, even if a 
true mixture is initially obtained, the condition is 
unstable 

If a drug is uniformly distributed throughout a 
batch of tablets, then the potency of each individual 
tablet will be directly proportional to its weight 
Thus, knowing the mear weight and mean potency of 
a batch, one may calculate the theoretical potencies 
for each tablet. In order that the relationship be 
tween these theoretical potencies and those actually 
tound might be shown on a single graph, the average 
weight was set equal to the average potency for each 
brand and then all individual weights expressed as a 
percentage relative to this. For a perfectly mixed 
batch of tablets, the theoretical and found values 
should therefore coincide. Figures | to 7, inclusive, 
illustrate plots of these theoretical potencies open 
circles) and those actually found (closed circles) 
for each tablet within a brand. Figure 4 provides 
an interesting comparison of two brands of PAS 
tablets. Certainly on the basis of uniformity of 
drug dosage brand G appears to be the superior 
product yet, by present standards, brand H is ac 
ceptable whereas brand G must be rejected because 
of its low potency Figure 5 illustrates the effect of 
compression on dosage variability Although the 
batch was well mixed, the control over compression 
leaves much to be desired 

In order to determine the degree of mixing that 
exists within a batch of tablets, it is necessary to 
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Fig. 1.—Correlation between weight and potency 
for two commercial brands of acetylsalicylic acid 
tablets. @, Assay value per tablet; , mean 
assay value and average weight in terms of per cent; 
O, weight per tablet relative to average weight 


BRAND C 
104 | 
102 | ee 
ge 
100 ee 
98+ ee e 
& BRAND D 
a 934 
92 
90 
8o BQ 
. 
86 k e 
2 3 € 8 0 2 4 6 18 20 
TABLET NUMBER 
Fig. 2.—Correlation between weight and potency 
for two commercial brands of acetylsalicylic acid 
tablets. @, Assay value per tablet; , mean 


assay value and average weight in terms of per cent; 
O, weight per tablet relative to average weight 


eliminate the effect of variations in individual tablet 
weights. This was done by treating each tablet as 
an analytical sample and in each case calculating the 
potency for a tablet of average weight. Deviations 
in potency from tablet to tablet (assuming no assay 
error) are now due either to incomplete mixing 
pnor to compression, a disruption of the mixing dur 
ing compression, or to a combination of the two 
The standard deviations were calculated for each 
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Fig. 3.—Correlation between weight and potency 
for two commercial brands of p-aminosalicylic acid 
tablets. @, Assay value per tablet; mean 
assay value and aver age weight in terms of per cent; 
O, weight per tablet relative to average weight 


BRAND 


PERCENT 


TABLET 


Fig. 4.--Correlation between weight and potency 
for two commercial brands of p-aminosalicylic acid 
tablets. @ Assay value per tablet; mean 
assay value and average weight in terms of per cent; 
O, weight per tablet relative to average weight 


NUMBER 


brand and expressed as a percentage of the respective 
Table IV shows the coefficients 
of variation (V) and the ranges for each brand, 
arranged from the most uniform to the most variable 
Taking into account the errors inherent in the assay 
procedures, one may safely conclude that brand I of 
sulfadiazine and perhaps G of PAS and J of sulfa 
diazine are 
duction 


mean potencies 


is uniformly mixed as is possible in pro 
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Fig. 5.—-Correlation between weight and potency 
for one commercial brand of sulfadiazine tablets 
@, Assay value per tablet; , mean assay value 
and average weight in terms of per cent; O, 
weight per tablet relative to average weight 
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Fig. 6.—Correlation between weight and potency 
for two commercial brands of sulfadiazine tablets 
@, Assay value per tablet; , mean assay value 
and average weight in terms of per cent; O, 
weight per tablet relative to average weight 


20 


It will be appreciated that a direct relationship 
need not necessarily exist between the ranges and 
coefficients of variation (Table IV) when 
paring brands having different potencies 
Furthermore, the presence of one or more in 
significant outliers within a brand would tend to 
exaggerate the range in relation to the coefficient of 
variation 

Evers (2) carried out a similar study on tablets 
having a much smaller proportion of drug relative 
to excipient. He assayed 20 individual 5-mg. ascor- 
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Fig. 7.—Correlation between weight and potency 
for one commercial brand of sulfadiazine tablets 
@, Assay value per tablet , mean assay value 
and average weight in terms of per cent; O, 
weight per tablet relative to average weight 


Taste I\ RANGES (R) AND COEFFICIENTS OF 

VARIATION (V)* FoR Potency CALCULATED SO AS 

ro Avorn THE EFPECT OF VARIATIONS IN INDIVIDUAI 
TABLET WEIGHTS 


Sulfadiazine I 20 0.27 Lol 
PAS G 0.30 1.09 
Sulfadiazine ] 15 0.3 1.31 
Sulfadiazine D 20 0.44 1.79 
PAS I 0. 64 O68 
AS B 1) 0. 69 2 30 
AS \ 20 0.73 3.16 
PAS F 15 0.74 2.17 
AS D 20 0.74 2.42 
AS Cc 20 0.96 3.77 
PAS H 20 1.00 3.44 
Sulfadiazine K 15 1.32 4 02 
The potencic Table III, footnote were recalculated 
using the mean tablet weight for the respective brand rather 
than the actual individual tablet weight The standard 


deviations were taken for each brand and then expressed as a 
percentage (V) of the mean potency 


bic acid tablets in which “‘the degree of mixing had 
been what was considered to be sufficient by an 
expert tablet maker." When he calculated the 
potencies, so as to avoid the effect of variations 
in individual tablet weights, he found a range in 
potencies of 15.22%, He repeated this work on a 
second batch which was given a much more thorough 
mixing and found that the range had dropped to 
§.82% Even after subjecting the batch to pro 
longed mixing, the resulting range was still wider 
than the widest range found in our work on larger 
tablets This is to be expected since one of the 
main factors affecting the uniformity of a mixture 
is the relative proportions of the ingredients. The 
task of mixing becomes increasingly more difficult as 
the proportion of one ingredient relative to nother 
decreases 

Upon a closer examination of Figs. | to 7, there 


Journal of Pharmaceutical Sciences 


appeared to be a general trend for the tablets to 
become increasingly more uniform as their weight 
increased. That is, the greatest deviations appeared 
to be concentrated in the lighter weight tablets 
This phenomenon is especially evident for brand D 
of AS (Fig. 2) and brand K of sulfadiazine (Fig. 7 

In order to confirm these observations, the tablets 
within a brand were divided into four weight groups 
ranging from the lightest to the heaviest tablets for 
each brand The coefficients of variation (V) were 
then calculated for each group. Results appear in 
Table V. For the less uniformly mixed brands, the 
deviations were invariably greater in the lighter 
weight group. For the better mixed brands, the 
differences in variability between the groups were 
much less pronounced 

These findings may be judged in light of the ob 
servations made by Raff, et al. (9 They found 
that if they filled the hopper completely and then 
allowed compression to proceed continuously until 
the granulation was exhausted, the tablet weight 
invariably decreased during the latter part of com 
pression They found this to be true regardless 
of the granulationemployed. This was¢ xplained by 
the fact that internal flow and segregation of the 
granulation had taken place. This led to a deple 
tion of fines in the hopper and consequently in 
complete filling of the die during the latter part of 
compression. Beeler and Gathercoal 14) felt that 
the uniformity established in the granulation could 
be disrupted due to vibrations of the tablet machine 
If this is indeed so, then it is not unlikely that as 
compression proceeds the degree of uniformity of 
the granulation remaining in the hopper would no 
longer be as good as that in the original granulation 
Therefore the tablets being compressed in the latter 
stages of the operation lighter weight) would have 
the tendency to be more variable than those 
punched at the beginning of the run (heavier weight ) 

In order to assess the degree of mixing that exists 
in a batch of tablets, it is necessary to analyze a 
number of the tablets individually This is possi 
ble only when the content of one tablet is sufficient to 
constitute a minimum analytical sample. Where 
more than one tablet is required, then the analyses 
of a number of groups of tablets would be neces 
sary In any case, it would appear desirable to 
carry out an analysis on the smallest number of 
individual tablets necessary to constitute a mimi 
mum analytical sample. As pointed out by Train 
(3), it is the content of each and every dose form 
which is of primary importance and not a good 
estimate of the mean content of a large number 
of these. The practice in most pharmacopeias has 
always been the reverse of this. For example, 
the U. S. P. XVI requires that not less than 20 
tablets be taken as an analytical sample even 
though one tablet might be more than sufficient for 
carrving out the analysis Obviously the reason 
for choosing a large number of tablets is to arrive 
at the most accurate estimate of the mean potency 
for a batch of tablets. As a control over variability 
of individual tablets, the pharmacopeias employ 
the uniformity of weight test. However, as pointed 
out earlier, this is based on the assumption of per 
fect mixing The variations resulting from im 
proper mixing May im many cases be greater than 
than those due to variations in individual weights 


For the tablets studied, a reasonable estimate of 
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TABLE \ 


No. of 


Compound Brand Tablets 
Sulfadiazine I 20 0 
PAS G 20 0 
Sulfadiazine ] 15 0 
Sulfadiazine D 0 
PAS 0 
AS B 1) 
AS \ 1) 0 
PAS 15 
l 
AS 
PAS H 20) l 
Sulfadiazine K 15 2 


See Table IV, footnote a, for the calculation of the coefficients of variation (V) 
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COMPARISON OF THE COEFFICIENTS OF VARIATION (\')* FOR PoTENCY OF FouR WEIGHT GROUPS 
RANGING FROM THE LIGHTEST TO THE HEAVIEST TABLETS WITHIN A BRAND? 


Group 2 Group 3 Group 4 


21 0.33 

30 0.32 

21 0.08 0. 26 
42 0.47 0.56 
70 0. 46 0.438 
92 0.75 0 91 
1.17 0.59 
0.70 0.63 
0 62 O34 
14 106 0.34 
27 0.97 0 68 
44 1.10 0.47 


+ Group 1 refers to the coefficients of 


variation (V) for the lightest weight 5 tablets, group 2 the next lightest weight 5 tablets, ete., within a brand Where only 


15 tablets were assayed, then the distribution was 4, 4, 4, and 
in which the greatest deviation occurs 


the degree of mixing could be obtained by assaying 
individually the three lightest weight tablets for 
each brand. The significant factor was that the 
veccuracy of the estimate increased as the degree of 
mixing decreased. Thus, for the poorest mixed 
brands the estimates were indeed close to the actual 
Should 
these findings (lighter weight tablets being more 
variable) prove to apply to all tablets, then a test 
based on the analysis of a small number of the light 
est weight tablets, or groups of tablets, could be 
idopted as a more effective control over variability 
in drug dosage The range of the values found for 
the potencies of the individual tablets (calculated so 
as to avoid the effect of variations in their weights), 
would be an indication of the quality of the mix 
The average of these wovld likewise give a reason 
For a perfectly 
mixed batch of tablets, the estimate of the mean 
potency would be as accurate as that obtained from 
the currently used 20-tablet assay Where more 
than one tablet is required for a minimum analytical 
sample, exactly the same procedure might be used 


maximum deviations present in the batches 


able estimate ot the mean potency 


for, say, three groups of these tablets 

As pointed out by Evers (2), a perfectly uniform 
mixture of two or more powders is unattainable 
lrain (3) has shown that the probability of obtain- 
ing a sample containing the correct proportions of 
the ingredients from a so-called perfectly mixed 
batch of powders decreases as the number of par 
This prob 
ability is further diminished as the proportion of 
one of the ingredients in the mixture becomes 
smaller 


ticles taken for the sample decreases 


The extraction of samples containing different 
numbers of particles from the same ‘“‘perfectly”’ mixed 
batch of powders is analogous to compressing different 
weight tablets from the same “‘perfectly’’ homogene 

ws granulation. Even from such a granulation, the 
uniformity of the tablets would decrease as their 
Therefore, although the effects of 
mixing on the variability of the tablets studied are 
quite small, it is clear that greater variations would 
be found in lighter tablets, especially in those con- 
taining a relatively small proportion of active ingre- 
dient. Since it is these tablets which usually contain 
i very potent drug, the need for a more effective 
control over dosage variability in tablets is certainly 
indicated 


weight decreased 


} tablets for groups | to 4, respectively 


Signifies the group 


SUMMARY 


1. Of the 12 products studied, four failed to 
comply with U.S. P. XVI tolerances for potency 
and another failed to meet those for uniformity of 
tablet weight 

2. The actual variability in drug dosage is as a 
rule greater than would be apparent from the 
variations in individual tablet weights 

3. The degree of mixing found in a batch of 
tablets is not independent of tablet weight 
Greater deviations were found to occur in the 
lighter weight tablets 

1. For the tablets studied, a reasonable 
estimate of the degree of mixing could be ob- 
tained by assaying individually the three lightest 
weight tablets for each brand 

5. Should our findings (lighter weight tablets 
being more variable) prove to apply to all 
tablets, then a test based on the analysis of 
a small number of the lightest weight tablets, or 
groups of tabiets, could be adopted as a control 
over uniformity of drug dosage in compressed 
tablets 
of weight test, it would provide a more effective 


Used in conjunction with the uniformity 


control over excessive variability in tablets. 
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Essential Oil Plants of Southern Arizona 


By W. F. McCAUGHEY and T. F. BUEHRER 


Examination of thirty-five species of southern Arizona plants for their steam-volatile 
oil content is reported. Fresh-weight yields from 0.01 to 0.9 per cent were ob- 


tained. Based onthe physical and chemical properties of the extract, Da/ea lumboltzi1 


contained up to 78 per cent of oxygenate 


terpenes, Lippia wrightii showed about 


80 per cent of terpene hydrocarbons, while other plants yielded values ranging be- 


A“ RVEY OF NATIVE plants of the desert and 
mountain areas of southern Arizona (coun 
ties of Pima, Graham, Cochise, Yuma, and 
Santa Cruz) was made to determine the amount 
and character of the “‘essential’’ oil by steam dis 
tillation of the fresh leaf and stem material 
These steam-volatile distillates are complex 
mixtures of terpenes, sesquiterpenes. and their 
oxygenated derivatives, as well as other miscel 
laneous compounds. Certain of the essential 
oils obtained in this study were selected for frac 
tionation and identification of the major ter 
pene constituents; one such, the oil of Haplo 
pappus laricifolius Gray, has been reported (1) 


EXPERIMENTAL 


Plant Collection and Steam Distillation. Plants 
were selected for trial steam distillation on the basis 
of their aromatic characteristics as observed in the 
field by noting the odor emanating from the crushed 
leaves. In only one case was a plant collected for 
the aroma of its flowers, Acacia constricta Benth 
Thirty-five species were collected in sufficient quan 


tities (100 Gm. minimum; 2-3 Kg. preferable) to 
permit steam distillation The uncomminuted 


fresh leaf and stem material was placed in either a 6 
L. round-bottom glass flask, or a 10-gallon tin-lined 
milk can, fitted with a Graham condenser and a 
collection flask so arranged to collect the water 
insoluble oil distillate above the steam condensate 
and allow the latter to drain off through a siphon U 
tube during distillation. Water was added directly 
to the still, which was fired with gas burners Dis 
tillation was continued until the number of oil 
droplets condensing became negligible. The oil 
fraction was decanted, dried over anhydrous sodium 
sulfate, and stored at —20 

Gross Characteristics... The plants examined in 
this study are listed by their Latin and common 
names in Table I, together with a description of the 
odor and color of the steam-distilled oil extract and 
the approximate yield on a fresh-weight basis 
Plant nomenclature is taken from Kearney and 
Peebles (2) 
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tween these two extremes. 


Physical Constants. Refractive index, density, 
and optical rotation were determined in the usual 
manner, as noted in Table II, on the dried oil ex 
tracts. Not all of the extracts described in Table | 
were collected in sufficient quantity to permit 
determination of their physical constants 

Chemical Properties. Acid, ester, and free alco 
hol content were determined according to Guenther 
(3). The acid number is defined as the number of 
mg. of potassium hydroxide required to neutralize 
the free acids in 1 Gm. of oil; the ester number 
represents the mg. of potassium hydroxide required 
to saponify the esters present in 1 Gm. of oil. If 
this value is subtracted from that obtained by 
saponifying 1 Gm. of the oil previously acetylated 
with acetic anhydride, the difference represents the 
content of free alcohols. Aldehyde and ketone 
content, expressed as percentage of carbonyl com- 
pounds occurring in the oil, was determined with the 
hydroxylamine procedure according to Guenther 
(3). Values obtained appear in Table III. As 
with the physical constants, it was not possible to 
determine these values for all of the extracts 


DISCUSSION 


Of the 35 plants studied, 29 yielded appreciable 
quantities of steam-volatile oil; and of those oils 
which were obtained, the majority had a pleasant 
odor. It is of interest that those plants which 
vielded appreciable amounts of volatile oil are mem- 
bers of plant families such as Cempositae, Labiatae, 
and Verbenaceae, the three highest families in 
Bessey’s (4) phylogenetic classification of flowering 
plants 

The yields of oil from some of the plants reported 
in this study were of the same order of magnitude as 
those obtained from similar species of commercial 


interest: Tagetes glandulifera 0.50, (5) compared 
with 7. lemmoni 0.9°% in the present work; Lippia 
citriodora 0.2% (6), L. wrightti 0.7° Hyptss 


suaveolens 1°) (7), H. emoryi OA% 

By comparison with the physical constants of 
essential oil constituents as listed by Guenther (8), 
some generalizations based on the refractive indexes 
and densities in Table I1 can be made about the 
various extracts Haplopappus cuneatus and 
Cowania appear to contain fair amounts of sesquiter 
pene hydrocarbons and alcohols; Bursera, Hyptis, 
and Parthenium are probably high in oxygenated 
C-10 terpenes, while C-10 hydrocarbons predomi- 
nate in the remaining extracts. According to the 
chemical properties (Table I11), Choisya oil consists 
of 34°) esters, desired constituents in perfumery or 
flavorings; Dalea extract contains a total of 78°; 
oxygenated terpenes, with 54°) in Tagetes and 31% 
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TABLE I 


Latin Name (Family) 
Common Name 
Acacia constricta Benth. (Leguminosae) “white- 
thorn acacia’’ 
Achillea lanulosa Nutt. ( Composttae) “‘yarrow”’ 


Artemisia carruthii Wood var. wrightii (A. Gray) 
Blake ( Compositae) ‘sagebrush’ 

Artemisia ludoviciana Nutt. ( Compositae 
“sagebrush’’ 

Baccharis glutinosa Pers. ( Compositae ) 
“seepwillow’ 

Baccharis sarothroides A. Gray ( Compositae 
“desert broom” 

Brickellia Californica (Torr. and Gray) A. Gray 
( Com positae ) “‘pachaba 

Bursera microphylla A. Gray ( Burseraceae) 
“elephant tree 

Choisva dumosa (Torr.) A. Gray var. mollis 
(Standl.) L. Benson ( Rutaceae) “star leaf” 

Cowania Mexicana Don var. stansburiana (Torr. ) 
Jepson ( Rosaceae ) cliffrose”’ 

Croton texensis (Klotzsch) Muell 
( Euphorbiaceae “doveweed”’ 

Dalea greggtt A. Gray ( Leguminosae ) “peabush’’ 

Dalea lumholtzii Robins. and Fern. ( Leguminosae 
“lemon peabush’’ 

Dodonea viscosa Jacq. var. angustifolia (L. F.) 
Benth ( Sapindaceac hopbush”’ 

Encelia farinosa A. Gray ( Compositae) “‘brittle- 
bush’”’ 

Eriogonum fasciculatum Benth. var. polifolium 
(Benth.) Torr. and Gray ( Polygonaceae ) 
‘““‘buckwheatbrush 

Franseria ambrosioides Cav. ( Compositae) “canyon 
ragweed’ 


Franseria dumosa A. Gray (Compositae) “white 
bursage”’ 

Gutierrezia lucida Greene ( Compositae) ‘‘snake- 
weed” 

Haplopappus cuneatus A. Gray var. spathulatus 
(A. Gray) Blake ( Compositae) 

Haplopappus laricifolius A. Gray (Compositac 
“turpentinebush 

Haplopappus tenuisectus Greene) Blake 
Com positae ‘“burroweed’ 

Heteropogon melanocarpus ( Ell.) Benth 
(Gramineae) “sweet tanglehead’’ 

Heterotheca subaxillaris (Lem.) Britt. and Rusby 
Compositae) ‘‘camphorweed”’ 

Hymenoclea monogyra Torr and Gray 
(Compositae) “burrobrush’’ 

Hyptis emoryi Torr. ( Labiatae) ‘desert lavender” 

Larrea divaricata Cav. (Zygophyllaceae ) 
“creosotebush”’ 

Lippia wrightii A. Gray ( Verbenaceae ) 

Parthenium incanum H. B. K. ( Compositae) 
“mariola’ 

Pectis papposa Harv. and Gray ( Com positae ) 
“chinchweed’ 

Porophyllum gracile Benth. (Compositae ) “verba 
del-venado’ 

Prosopis juliflora (Swartz) DC. var. velutina 
(Woot.) Sarg. (Leguminosae) ‘‘mesquite”’ 


Psilostrophe cooperi (A. Gray ) Greene ( Compositae ) 


“paper daisy 
Tagetes lemmoni A. Gray ( Compositae 
Vauquelinia Californica (Torr.) Sarg. ( Rosaceae) 


® Vield calculated on fresh-weight basis 


CHARACTER AND YIELD OF VOLATILE Or, EXTRACTS 


Physical Characteristics 
of Extract 

Pleasant odor (alcoholic extract of 
flowers) 

Dark blue, very volatile; penetrating 
odor 

Very blue; heavy, pleasant, some- 
what minty odor 

Yellow; disagreeable odor 


Green; syrupy; sweet, persistent 
odor 
Yellow; rather unpleasant 


Light green; unpleasant pungent 
odor 

Light yellow; pleasant odor similar 
to eucalyptus 

Colorless; strong, fruity, pleasant 
odor 

Yellow-brown; persistent odor 


Yellow; odor of green leaves 


Light yellow; faint lemon odor 
Yellow; lemon verbena odor 


No oil obtained 

Yellow; fresh odor 

Yellow; faint odor of eucalyptus 

Amber; unpleasant odor; very small 
yield which polymerized after a 
few weeks 

Green; foul odor 

Yellow; rather pleasant menthol-like 
odor 

Red-brown; strong, varnish-like odor 

Yellow; odor similar to mixture of 
menthol and eucalyptol 

Yellow; pungent odor like camphor 

No oil obtained 

Amber; unpleasant odor 

Yellow; faint, menthol-like odor with 
unpleasant background odor 

Yellow; pleasant mint-like odor 


No oil obtained 


Colorless; sweet, mint-like odor 
Yellow; pleasant odor 


Yellow; odor of cumenaldehyde 
Yellow; faint odor 

No oil obtained 

Yellow-green; rather unpleasant odot 


Yellow; pleasant odor 
No oil obtained 
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Yield," 


0.6 


07 


0.03 


0.9 


0.24 
0.038 
0.32 
0.07 
0.02 
0.16 
0.21 
} 0.16 
0.15 ‘af 
ik: 
0.31 
0.5 
0.06 
0.55 
0.5 
0.6 
0.28 
0.1 
0.19 
0.4 
at 
0.7 
014 
0.10 
0.015 
a 
fee 
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il PHYSICAL CONSTANTS OF THE VOLATILE Om. ExTRaActs 


Plant ny a} 
Bursera microphylla 1.4802 0.9145 (32°) 
Choisya dumosa 1. 4686 0.8709 —20.57(31 
Cowanta Mexicana 1. 5O77 0.9566 
Dalea lumholtzii 1. 4659 0.8762 +11.65(33 
Encelia farinosa 1. 4800 0.8678 —5. 88 (31 
Eriogonum fasciculatum 1. 4810 0. 8865 (32 
Gutierresia lucida 1. 4806 0. 8865 +34.99(31 
Haplopappus cuneatus 1.5010 0.9379 
Haplopappus laricifolius 1.4842 0.8631(32 —14.06(34 
Haplopappus tenuisectus 1.4777 0.8195 (32 —2.57 (34°) 
Hymenoclea monogyra 1.4872 0.8943 (33 +14 40(3 
Hyptis emoryi | 4864 0.9348 — 10 60(30 
Lippia wright 1.4764 0.8584 +15.61(30 
Parthenium incanum 1.4929 0.9176 +2 37(30°) ° 
Porophyllum gracile 1.4650 
Psilostrophe cooperi 1.4810 
Tagetes lemmoni 1.45 


* Density in Gm_/mil. at 30° or at temperature noted 
Observed rotation in | dm. X 2 mm. tube at temperature indicated 


ras_e 


PROPERTIES OF THE VOLATILE Ow Extracts 


Ester No Free Aldehydes 
Acid Ester Esters after Alecohols.? and Ketones, 
Plant No No Acetylation ‘ ‘ 

Choisya dumosa 1.0 76.2 34 121 13 

Dalea lumholtsii 3.4 22.0 174 4} 22 
Haplopappus laricifolius 3.7 7. 5 
Haplopappus tenutsectu 2.2 21.7 10 9 8 3 
Hyptis emory Ry 22.9 13 70 11 7 
Lippia wright 3.5 9.3 17 10 
Tagetes lemmoni 0.7 7 


Assumed average molecular weight of 225 Gm_/mole Assumed average mol 


ecular weight of 150 Gm_ /mole 


in Hyptis; while the other extracts showed only high 
about 20°) oxygen-containing compounds and 80°, 
of usually undesirable hydrocarbons. It would ; 
uppear that further research into the essential oil tent of terpene hydrocarbons 


amount of oxygenated terpenes, while 
others, such as Lippia 


wrightii, show a high con 


composition of Choisya and the three other plants 3. Chemical properties, such as acid number 
with higher ester or oxygenated terpene content and percentages of esters, free alcohols, and 
would be fruitful 


. aldehydes or ketones, are given for seven of the 
The foregoing information does not, of course, 


represent a complete survey of all essential oi| ™0T€ promising extracts. Choisya dumosa and 
plants of southern Arizona; it is given more as an 7 agetes lemmoni show an ester content of 34 
indication of the potential for further research in and 21 per cent, respectively. Dalea lumholtzii 


this area oil contains 22 per cent of aldehydes and ketones 


SUMMARY REFERENCES 


a 1} MeCaughey. W. F., and Buehrer, T. F.. J. Am. Chem 
l rhirty-tive native, southern Arizona plants Soc.. 75, 4851(1953 


2) Kearney I H and =Peebles, R. H Flowering 
were collected and steam distilled to ¢ xtract Plant and Ferns of Arizona I S. D. A. Miscellaneous 
volatile oils Color, odor, and vield of oils are Govt. Printing Ofice, Washington 

> tre wields f 3) Guenther, E The Essential Oils," Vol. 1, D. Van 
noted. Fresh-weight vields from per wostrand Co. luc New York NY. 1948 > 263 f 
cent were obtained aren? ©. &.. Ans. Missouri Boten. Garden, 2, 
2. Refractive index, density, and optical 5) Guenther, E., “The Essential Oils,’ Vol. 5, 1952, p 
177 
rotation for 17 of the oil extracts are listed 6) Guenther, E., “The Essential Oils,"’ Vol. 6, 1952, p. 37 
7) Gildemeister, E., and Hoffman, F., “Die Aetherischen 
These data indicate that some of the extracts, ele.’ Vol. 3. 2nd ed.. John Wiley & Sons. New York r 


) 1922, p. 57 
such as Dalea lumholtsii, contain a relatively 5} Guenther. B.. “The Besentied Olle.” Vel. 2. 1000 
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Evaluation of Amperometric and Potentiometric 
Titrations of Phenobarbital Elixir 


with Mercury (II) 


By E. M. COHEN and N. G. LORDI 


The determination of phenobarbital in elixir dosage forms was accomplished by 
direct titration of the elixir with mercury (Il). Optimum conditions for the potentio- 


metric detection of the end point were established, the limiting factor being the 
magnitude of the potential change at the equivalence point. A procedure for am- 
perometric titrations was developed which enabled one to titrate aliquots of pheno- 


the majority of official assays for 
barbituric acid derivatives are gravimetric 
and require the separation of the barbiturate from 
its dosage form. Phenobarbital elixir U. S. P., 
when assayed by the official procedure, has been 
reported to give consistently high results (1, 2) 
rhe extraction of other ingredients in the elixir 
formulation appears to be the major source of 
error (1-3). This fact coupled with the time 
consuming nature of the extraction procedure 
indicates the need for an analytical technique 
which does not require prior separation of the 
barbiturate 

Several practical volumetric methods for the 
determination of phenobarbital are reported in 
the literature. Almost all are based on the acidic 
nature of the imido hydrogen in phenobarbital. 
Phenobarbital has been successfully titrated in 
both aqueous and nonaqueous media with a 
variety of bases (4-11). This technique could not 
be applied to phenobarbital in elixir dosage forms 
(10 Mattocks and Voshall (1), and more re- 
cently Bodin (12), titrated phenobarbital elixir 
potentiometrically with silver nitrate to a pre 
determined potential. Since the alcohol concen 
tration of the elixir affected the end point poten 
tial, erroneous results were obtained unless blank 
potentials were first measured. Kalvoda and 
Zvka (13) developed an amperometric procedure 
for the assay of phenobarbital and other bar 
biturates using mercury (I1) as the titrant. One 
mole of phenobarbital is quantitatively precipi 
tated (14) from polar solvents by one mole of 
mercury (II). The method was not applied 
to elixir dosage forms 

In this study the reaction between pheno 
barbital and mercury (II) was utilized for the 
determination of the phenobarbital content of 
phenobarbital elixir 
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Accepted for publication November 29, 1960 
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barbital elixir with a precision of 0.8 per cent. 
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EXPERIMENTAL 


Apparatus.—The Sargent model XXI_polaro- 
graph was employed for the amperometric titra- 
tions. The titration cell was a 100-ml. beaker with a 
multiholed rubber stopper which admitted the drop- 
ping mercury electrode (D.M.E.), a salt bridge, 
and a buret. Unsuccessful attempts were made to 
use a rotating platinum electrode and a rotating 
mercury electrode in lieu of the D.M.E The 
D.M.E. had a capillary constant of 2.58 mg.?/; 
sec.~'/, in distilled water at room temperature and 
zero applied volts. A saturated calomel electrode 
(S.C.E.) was used as the reference electrode.'! In 
order to minimize diffusion of chloride ion into the 
cell, the S.C.E. made contact with the test solution 
via a salt bridge composed of a 3°, agar® gel which 
was 1.0 M in potassium nitrate. An ultraburet,’ 
reading to within 0.001 ml., was used to deliver the 
titrant 

For the potentiometric titrations two types of 
mercury (II) indicating electrodes were employed 
with the same degree of success. One was a mercury 
pool type and the other an amalgamated gold 
electrode. The S.C.E. described above was used 
as the reference electrode. All potential meas- 
urements were made with a Beckman model G 
pH meter 

Mixing of solutions during the course of a titration 
was accomplished with a magnetic mixer and a 
Teflon-covered bar 

Reagents.—The chemicals used to prepare the 
phenobarbital elixir base: alcohol, amaranth, glyc- 
erin, orange oil, and sucrose, were U. S. P. grade 
All other chemicals were reagent grade or better, 
unless otherwise indicated. The phenobarbital was 
recrystallized twice from an alcohol-water solution 
and stored in a desiccator over phosphorus pent- 
oxide. The melting point was 177.0-178.5° (un- 
corrected ) 

Mercury (II) acetate, 0.1 \/, was prepared for use 
as the titrant in 0.1 M acetic acid in order to pre- 
vent hydrolysis of the mercury (II) in solution 
The solution was standardized by the chelometric 
titration method of Reilley, Schmid, and Lamson 
(15). Analytically weighed quantities of disodium 
ethylenediamine dihydrate’ were placed in beakers 
and dissolved in 50 ml. of water. This solution was 


Sargent catalog No. 1170-71 
2 Bacto-Agar, Difco Laboratories, Detroit, Mich 
*Kopp Scientific New York 21 
‘Sargent catalog No. 5 30415 

Primary standard— Baker analyzed reagent, 90° 
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be 
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potentiometrically titrated with the mercury (il) 
reagent. The molarity of the reagent was checked 
monthly for any change in titer and was found to 
be constant 

Procedure for Amperometric Titration. —The 
components of the solution were added quantitatively 
to the cell and diluted to an initial volume of 50 ml 
with alcohol or water. The addition of a maximum 
suppressor to eliminate mercury (I1) maximum was 
not necessary when titrating phenobarbital elixir 
lhe amaranth present in the elixir formulation ap 
parently served in that capacity Increments of 
mercury (II) reagent were added, the solution 
stirred briefly, and the current recorded after a 
two-minute waiting period, at zero applied volts 
At zero applied volts the diffusion current plateau 
of mercury (II) is constant. This plateau occurs 
before the reduction of oxygen begins and hence 
it is not necessary to remove oxygen from the solu 
tion in order to determine the mercury 

Procedure for Potentiometric Titration. Twent;: 
five milliliters of a standard phenobarbital elixir 
was added to the titration cell. Other reagents were 
added to make the apparent volume 50 ml. The 
mercury (II) reagent was added and the potential 
recorded after each increment of titrant. Stirring 
was maintained throughout the titration. The end 
points were calculated by the double derivative 
method 


RESULTS AND DISCUSSION 


Amperometric Titrations.—The effect of the sup 
porting electrolyte on the form of the titration 
curve and the percentage found of phenobarbital 
was studied The supporting electrolytes investi 
gated were 0.10 M perchloric acid, 0.25 M potassium 
nitrate, 0.20 M sodium acetate, and a mixture of 
0.25 M potassium nitrate and 0.20 M acetic acid 
he data obtained in aqueous media were plotted 
in the conventional manner (Fig. 1). The amount 
of phenobarbital found (Table 1) appeared to be a 
function of pH, acidic media giving the poorest 
results. In an effort to improve the accuracy of the 
method, alcohol was added to the solutions being 
titrated as a means of reducing the dissociation of 
the mercury (II) complex in solution. The titration 
curves obtained using 0.25 M potassium nitrate 
and 0.20 M sodium acetate in the alcoholic media 
are shown in Fig. 2 When sodium acetate was 
used as the supporting electrolyte the point of inter 
section of the two linear portions of the plot was at 
zero current rhe percentage found of pheno 
barbital was about the same for both supporting 


electrolytes. However, sodium acetate was selected 


|.—Per Cent oF PHENOBARBITAL IN 
THE PRESENCE OF FouR DIFFERENT SUPPORTING 
ELECTROLYTES" 


Found 


Supporting Electrolytes 


0.1 M perchloric acid 80.6 
0.25 M potassium nitrate and 0.20 M 

acetic acid 85.0 
0.25 M Potassium nitrate 80.9 
0.20 M Sodium acetate 86.4 


* Each solution titrated contained 25 mi. of a standard 
phenobarbital elixir and sufficient distilled water to make 
50 mi 
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FIGURE IC FIGURE 10 
VOLUME OF MERCURY II ADDED IN ML 


Fig. 1.—-Plots of the observed currents, measured 
at zero applied potential, vs. volume of titrant for 
four different supporting electrolytes in aqueous 
media: A, 0.10 M perchloric acid; B, 025 M 
potassium nitrate and 0.10 M acetic acid; C, 0.25 
M potassium nitrate; D, 0.20 M sodium acetate 


PERCENT FOUND: 


O—O - 99.6 
- 99.88 


CURRENT IN JLA 


VOLUME OF TITRANT IN ML. 

Fig. 2.—Plots of the observed currents, measured 
at zero applied potential, vs. volume of titrant for 
0.20 M sodium acetate as the supporting electrolyte 

. and 0.25 M potassium nitrate as the 


\ 
supporting electrolyte (—-@—@—) in alcoholic 
media 
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as the electrolyte of choice because of the extra- 
polation to zero current. In order to substantiate 
the validity of this extrapolation to zero current 
and to determine the cause of the initial rise in the 
diffusion current when alcohol was added (Fig. 2) 
an experimental titration curve constructed 
from polarograms recorded in solutions representing 
different stages in an actual titration of the elixir 
The solutions differed only in the amount of mer- 
cury (II) added. Some of the polarograms ob 
tained are shown in Fig. 3. A distinct cathodic 
wave was observed (Fig. 3b) before visible signs of 
precipitation, thus indicating that the mercury (II) 
phenobarbital complex in solution was partially 
soluble in this media and was reduced at the D.M.E 
before the equivalence point. The observed de- 
crease in the diffusion current as the equivalence 
point was approached, accompanied by increasing 
precipitation, indicated a decrease in the solubility 
of the complex. This was probably due to a change 
in the media by the addition of aqueous titrant. A 
plot of the data obtained is given in Fig. 4. The dif 
fusion currents after the equivalence point were 
not perfectly linear but appeared to exhibit a 
random distribution about a straight line. This 
distribution was observed in subsequent determina- 
tions. In order to eliminate any variation in plot 
ting, the data were analyzed statistically using the 
method of least mean squares (16). The calcula- 
tions were simplified considerably, since equal incre- 
ments of titrant were added after the equivalence 
point had been reached and extrapolation was made 
to zero on the X coordinate. Only the points after 
the equivalence point were used for the calculations 
The observed currents were not corrected for any 
volume change because of the relatively small change 
in volume at the end of a titration 

Analytically weighed quantities of phenobarbital 
were quantitatively transferred to the cell and dis- 
solved in 20 ml. of alcohol. Twenty-five milliliters 
of elixir base and 5 ml. of 2.0 M sodium acetate 
solution were added. The resulting solution was 
titrated with the mercury (II) reagent. Table II 
summarizes the results obtained for the titration 
of 10 samples. The concentration range covered 
was approximately +50°; of the official concentra- 
tion of phenobarbital elixir. Samples 4-7 give an 
indication of the relative accuracy of the method 
within the purity rubric specified in the U. S. P 

In order to establish the precision of the method, a 


was 


TasBLe II.—-ANALYSIS OF 
PHENOBARBITAL IN THE 
PHENOBARBITAI 


KNOWN AMOUNTS OF 
PRESENCE OF 25 ML. OF 
BASE* 


Added, Found, 
Gm Gm 
0.0421 4313 
0.0635 0632 
0.0731 
0. OR827 ORV? 
0.0946 0936 
0.10538 1057 
1170 
1270 
1296 
1517 


Error, 


Sample 


1535 


« This series of titrations would be equivalent to taking 
a 25-ml. aliquot of phenobarbital elixir containing the indi 
cated amount of phenobarbital for analysis 


CURRENT IN 


APPLIED E.M.F. IN VOLTS 


Fig. 3._-Polarograms recorded in solutions corre- 
sponding to representative points obtained during 
the course of a titration of phenobarbital elixir with 
mercury (IL) reagent in alcoholic media containing 
0.2 M sodium acetate. Mercury (II) concentra- 
tion: A,0O M, B, 0.009 M, C, 0.0037 M, D, 0.0074 
M, E, 0.0092 M, and F, 0.0111 M 


CURRENT IN JIA 


Q 
2 3 


VOLUME OF MERCURY (II) ADDED 


Fig. 4.—Experimental titration curve. Plet of 
the observed currents, measured at zero applied 
potential, vs. volume of titrant. Typical polaro- 
grams from which this data were obtained are 
shown in Fig. 3 
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commercial sample of phenobarbital elixir was 
titrated. The average obtained for 11 replicate 
samples was 102.5% of the labeled amount of 
phenobarbital with a standard deviation of 0.8% 
and range of 3.0°; 

Potentiometric Titrations.._The effect of alcohol 
on the titration was first noted. Some of the 
potentiometric curves obtained are shown in Fig. 5 
Curve A corresponds to a blank titration of a mix 
ture of 25 ml. of alcohol and 25 ml. of phenobarbital 
elixir base. The smallest potential change at the 
inflection point was observed at the highest alcohol 
concentrations (curve D) the A*E/A*V values being 
on the order of 10 mv. In aqueous solution (curve 
B) the values were about 25mv. Thus, the potentio 
metric method appears to be limited with respect 
to attainable precision since at high alcohol concen 
tration, where the accuracy is good, the potential 
change at the inflection point is small 


PERCENTAGE FOUND: 


8 - 87.806 
96.70% 
480}— D -100.20% 
400}- 
4 
z 


\ 


E.MF. VS. S.C.E. 


2 3 a 5 
ML. OF MERCURY IT REAGENT ADDED 

Fig. 5.—Effect of alcohol concentration on the 


shape of the titration curve: A, blank + 5),; 
B, 0%; C, 40% D, 


A significant improvement in the end point po 
tential swing was noted when sodium acetate was 
used in the alcoholic solution 
however, decreased 


The accuracy was, 
The potential changes at the 
equivalence point using sodium hydroxide was 
somewhat better than those observed in the aqueous 
solutions but again the accuracy was unsatisfactory 
Table III shows the results obtained when samples 
were titrated containing different concentrations 
of phenobarbital. The relative magnitude of the 
potential change at the inflection point is given by 
the AE/AV value. The results indicate that de 
creasing the amount of phenobarbital increased both 
the potential change at the inflection point and the 
per cent found of phenobarbital. However, the 
magnitude of the potential change was still small 
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Tasie Ill.—Errect oF THE CONCENTRATION OF 
PHENOBARBITAL ON THE PER CENT FOUND AND 
THE MAGNITUDE OF THE POTENTIAL JUMP AT THE 
INFLECTION POINT 


Concentration of Found,* AV 
Phenobarbital 
0.004 M 99. 15° 19 
0.008 M 98 . 15 13 
0.012 M 97 .92° 10 
Mean value Iwo replicate determinations Four 


replicate determinations 


It was also interesting to note that no potential 
change was observed when titrating samples of the 
elixir which had been prepared with orange oil hav- 
ing a terebinthinate odor, that is, orange oil which 
had deteriorated 


SUMMARY AND CONCLUSIONS 


A procedure for the amperometric determina 
tion of phenobarbital in elixir form was developed 
which enabled one to titrate aliquots of the elixir 
with a precision of 0.8 per cent. A statistical 
method was employed to calculate the end point 

Optimum conditions for the potentiometric 
titration of phenobarbital elixir with mercury (II) 
were established. The limiting factors in this 
titration were the percentage found of pheno 
barbital and the magnitude of the potential 
change at the inflection point. Any change in 
the experimental procedure which resulted in an 
an increase in accuracy was invariably accom- 
panied by a decrease in the potential change 
at the inflection point. Under these conditions, 
however, the potentiometric method may be 
employed using a more sensitive potential 
measuring device than the Beckman model 
G pH meter 
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against growing cultures of four fungi. 


Effects of Vapors of Aromatic Chemicals on Fungi 


The én vitro antifungal properties of the vapors of 196 aromatic chemicals were tested 
The data presented indicate that 63 per 


By JASPER C. MARUZZELLA, JOSEPH S. CHIARAMONTE, 
and MICHALYN M. GAROFALO 


cent of the vapors inhibited the growth of at least one of the test organisms. Phoma 


betae was found to be the most vulnerable. 


In general, the vapors of the groups of 


chemicals were found to possess the following order of decreasing antifungal ac- 
tivity: acids, aldehydes, alcohols, ethers, miscellaneous, ketones, esters, lactones, 


M COMMON toilet articles such as soaps, 

creams, shampoos, sprays, and the like 
are rendered fragrant by the incorporation of 
either perfume oils or odoriferous (aromatic) 
chemicals. The antimicrobial properties of per 
fume oils (1) and their vapors (2, 3) have been 
clearly demonstrated while the antimicrobial 
properties of aromatic chemicals have been 
limited almost entirely to direct contact studies 
(4-7). Recently, however, the vapors of volatile 
substances (8) and aromatic chemicals (9) have 
been tested against bacteria. This investiga- 
tion is an extension of the study of the effects ot 


aromatic chemicals on fungi 
MATERIALS AND METHODS 


The vapors of 194 aromatic chemicals were tested 
in vitro against growing cultures of Candida albicans 
ATCC 10231, Phoma betae ATCC 6504, Geotrichum 
candidum Coll. No. 4762, and Oospora lactis ATCC 
4798. All of the test organisms were cultivated on 
Sabouraud maltose broth at and transferred 
every five days 

The method used to test the effects of the vapors 
on fungi was similar to the method previously 
described (10 Fifteen milliliters of Sabouraud 
maltose agar were poured into Petri dishes and 
allowed to harden rhe test cultures were hand 
shaken several times to distribute evenly the mycelia 
and spores. The surface of the agar was streaked 
with 0.5 ml. of a five-day old broth culture of the 
test organism Aluminum cups (20 mm. in diam 
eter by 5 mm. deep) containing 0.5 ml. of the aro 
matic chemical were placed in the center of the 
Petri dish top. When the dishes were inverted and 
incubated, the surface of the chemical in the cup was 
about 5 mm. from the agar surface. Vapors of the 
chemicals were allowed to emanate throughout 
the five-day incubation period at 22 

After incubation, the presence of a definite clear 
zone of inhibition on the surface of the agar indi 
cated that the vapor possessed antifungal activity 
and the larger the zone the greater the activity in 
this test system. All chemicals were tested in 
triplicate with one cup per dish. In some experi 


ments the vapors did not permit growth of the 


microbe on the entire surface of the agar and the 
results were recorded as 90-mm. zones (inside diam 
eter of the dish 
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and acetals. 


RESULTS AND DISCUSSION 


Vapors of 196 aromatic chemicals consisting of 5 
acetals, 3 acids, 24 alcohols, 19 aldehydes, 115 
esters, 4 ethers, 14 ketones, 5 lactones, and 7 mis- 
cellaneous were tested against growing cultures of 
4 fungi. These results are found in Table I. Of 
the 196 vapors tested, 124 (68°) were found to 
produce zones of inhibition on at least one of the 
four test fungi. Vapors of the remaining 72 aro- 
matic chemicals were completely inactive. Further 
inspection of the data reveals that vapors of 119 
chemicals (60°) produced zones of inhibition 
against P. betae, 103 vapors (53°)) against O. lactis, 
103 vapors (53°)) against C. albicans, and 102 
chemical vapors (53°,) showed zones of inhibition 
against G. candidum. This clearly indicates that 
P. betae is the most vulnerable organism 


TaBLe |.—INurBITORY ACTIVITY OF AROMATIC 
CHEMICAL VAPORS 
Diameter of Zones of Inhibition, 
mm 
( G 
albi P candi 0 
Chemicals* cans belae dum lactis 
Acetals 
Decyl aldehyde 
dimethyl acetal (> 0 0 0 
Hvydratropic alde- 
hyde dimethyl 
acetal 40 51 32 2 
Hydroxycitronellal 
dimethyl acetal 0 0 0 0 
Phenyl acetaldehyde 
dimethy] acetal a0 45 40 
Pheny! acetaldehyde 
phenylethylene 
glycol acetal 0 0 0 0 
Acids 
n-Caproic acid 38 28 32 30 
Heptoic acid 45 50 40 36 
iso-Valeric acid 41) 70 45 40 
Alcohols 
6-Amyl cinnamy! 
alcohol 0 0 0 0 
Anisyl alcohol 0 0 0 0 
Benzyl alcohol 30 40 30 35 
Cedrol 0 0 0 0 
Cinnamyl alcohol 17 0 10 5 
Citronellol 28 45 25 20 
1-Decanol 24 80 13 12 
Dimethyl benzyl 
carbinol 20 33 20 20 
3,7-Dimethyl-1- 
octanol 70 90 22 25 
1-Dodecanol 0 0 0 0 
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Jas 
vol 
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ad 
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Chemicals 
Geraniol 
1-Heptanol 
l Hexanol 
Linalool 
Methyl cinnamic 
alcohol 
1-Nonanol 
1-Octanol 
Pheny! ethy! 
dimethy! 
carbinol 
Phenyl propy! 
alcohol 
iso-Pulegol 
Sterolyl alcohol 
retrahydrolinalool 
1-Undecanol 
Vetiverol 


Aldehydes 
a-Amyl cinnami 
aldehyde 
Anisic aldehyde 
Cinnamic aldehyde 
Citral 
Citronellal 
Citronelly! 
oxyacetaldeh 
Cyclamen aldehyde 
Decyl aldehyvae 
I alec l alde hv cle 
He pty laldehvde 
a-Hexyl cinnamic 
aldehyde 
Hydratropic 
aldehyde 
Hydroxycitronellal 
a-Methyl cinnami« 
aldehyde 
Methyl nonvyl 
acetaldehyde 
Nonyl ilde hvde 
Phenyl acetaldehyde 
Phenyl propyl 
aldehyde 
Undecyl aldehyde 
Esters 
Allyl caproate 
Allyl heptoate 
iso-Amyl acetate 
iso-Amyl benzoate 
iso-Amyl butyrate 
iso-Amy] caproate 
iso-Amyl cinnamate 
iso-Amy!l formate 
iso-Amyl laurate 
iso-Amy] pheny! 
acetate 
iso-Amyl propionate 
iso-Amy!l salicylate 
iso-Amyl 
iso-valerate 
Amyris acetate 
Anisyl acetate 
Anisy! formate 
Anisyl! propionate 
Benzyl acetate 
Benzyl benzoate 
Benzyl n-butyrate 
Benzy! iso-butvrate 
Benzy! formate 


Diameter of Zones of Inhibition 


mm 


TABLE 


(continued 


Chemicals 


Benzyl phenyl! 
acetate 
Benzyl propionate 

Benzyl salicylate 
Benzyl iso-valerate 
iso-Borny] acetate 
iso-Borny! formate 
iso-Bornyl 
propronate 
iso- Butyl benzoate 
n-Butyl n-butyrate 
iso- Butyl m-butyrate 
iso- Butyl caproate 
iso- Butyl cinnamate 
iso- Butyl formate 
iso- Butyl pheny! 
acetate 
n-Buty! propionate 
iso- Butyl salicylate 
n-Butyl iso-valerate 
iso- Butyl iso 
valerate 
Cedry! acetate 
Cinnamy! acetate 
Cinnamy] iso 
butyrate 
Cinnamy!l formate 
Cinnamy! propionate 
Cinnamy!l 
iso-valerate 
Citronellyl acetate 
Citronellyl 
n-butyrate 
Citronellyl 
iso-butyrate 
Citronellyl formate 
Citronellyl 
propionate 
p-Cresyl acetate 
p-Cresyl octvlate 
p-Cresy] iso-valerat 
Decy! acetate 
Diethyl sebacate 
Diethyl succinate 
Dimethyl benzyl 
carbinyl acetate 
Ethyl benzoate 
Ethyl n-butyrate 
Ethyl iso-butvrate 
Ethyl caproate 
Ethyl caprylate 
Ethyl cinnamate 
Ethyl decvylate 
Ethyl heptoate 
Ethyl laurate 
Ethyl methyl 
phenyl glycidate 
Ethyl! pelargonate 
Ethyl phenyl 
acetate 
Ethyl! pheny! 
glvcidate 
Ethyl propionate 
Ethyl salievlate 
Ethyl iso-valerate 
Ethylene brassvlate 
Gerany!l acetate 
Gerany]l n-butvrate 
Geranyl formate 


Diameter of Zones of Inhibition 


( 
ans 


P 
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a0 


mm 


G 
andi 
dum 
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 ) 
G 
27 35 25 21 
70 55 0 0 0 0 
30 $5 36 20 30 17 18 
oO 30 30 0 0 0 0 
j 0 0 0 0 
oN oO Is 0 23 15 17 
0 5 0 0 
30 25 20) 
j 0 27 0 0 90 oO SO 
30 25 20 15 5 20 
35 35 30 0 0 0 0 
35 55 30 35 33 15 10 55 Bice 
65 3 25 25 i 
21 24 5 5 15 17 0 0 eo: 
0 0 0 0 hee 
) 0 0 0 
é 
21 0 0 0 0 
{) oh - > - 
aD 27 D4 28 5 
oO 
‘ ‘ ‘ 
18 17 22 20 
v 16 Lo Lo 0 10 0 0 
26 28 22 14 
( 75 
25 io” 30 0 0 0 
0 0 15 0 0 0 
0 0 0 0 
‘ ‘ 
0 0 0 0 
0 0 0 0 ; 
0 0 0 0 
0 0 0 0 
) 
at 0 0 0 0 
P 2H 3 25 30 
to 15 
oO oO an 
ow 15 a») 30 31 5 20 25 m5 
5 90 90 90) d 
0 0 0 a0 Oo 30 32 
0 0 0 10 0 
0 0 0 90 
oh | 0 0 0 0 
i) 
i) 0 0 0 0 
30 90 15 
0 0 5 24 
0 0 0 0) 0 0 0 0 
0 0 0 0 an Qn 
ow oO 
0 0 0 0 0 0 0 0 Bary 
0 l7 15 0 0 19 0 0 i 
36 90 25 20 0 0 0 0 
35 65 25 30 20 3U 
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Diameter of Zones 
mm 


alb 
Chemicals cans 
Gerany!] phenyl 
acetate 0 
Gerany] propionate 0 
Guaiac wood acetate 0 
Heptyl acetate 90 
Heptyl formate 
Hexyl acetate 
Hexyl caprylate 0 
Lauryl acetate 0 
Linalyl acetate 0 
Linalyl iso-butyrate 0 
Linaly! cinnamate 25 
Linalyl formate 90 
Linalyl propionate 0 
Methyl cinnamate 30 
Methyl phenyl 
acetate 60 
Methyl phenyl 
carbinyl acetate 30 
Neryl acetate 0 
Nonyl acetate 0 
Octyl acetate 35 
Octyl iso-butvrate 0 
Octyl formate 90 
Phenoxy ethyl 
iso-butyrate 0 
Phenyl ethyl 
n-butyrate 27 
Phenyl ethyl iso 
butyrate 28 
Phenyl ethyl 
dimethyl carbinyl 
acetate 0) 
Phenyl ethy! 
formate 
Phenyl ethyl pheny! 
acetate 0 
Phenyl ethyl 
propionate 
Pheny! ethyl iso 
valerate 0 
Phenyl propyl 
acetate 35 
Propyl acetate 0 
iso-Propyl 
cinnamate 0 
n-Propyl propionate 60 
acetate 0 
Terpiny! propionate 0 
Undecyvlenyl acetate 0 
Vetivery] acetate 0 
Ethers 
iso-Amyl benzyl 
ether 0 
p-Cresyl methyl 
ether 
Dibenzyl ether 0 
iso-Safrol 90 
Ketones 
Acetophenone 45 
Acetyl valeryl 
Allyl ionone 


TABLE I (Continued) 


of Inhibition 
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Diameter of Zones of Inhibition, 


mm 
G 
Oo albi P cands- Oo 
actts Chemicals cans betae dum lactis 
Di-n-propyl ketone 90 90 90 90 
0 pseudo-lonone 0 20 0 0 
0 p-Methoxy aceto- 
0 phenone 15 23 15 0 
90 p-Methyl 
90 acetophenone 45 90 45 40 
90 Methyl heptenone a) 90 90 90 
0 Methyl hexyl ketone 0 0 0 0 
0 8-Methyl ionone 0 0 0 0 
0 6-Methy]l ionone 0 0 0 0 
0 >-Methyl ionone 0 0 0 0 
20 pseudo- Methyl 
33 1onone 0 0 
0 Methyl nonyl 
30 ketone 25 oO 30 35 
40 Lactones 
Benzo dihydro 
pyrone 0 10 0 0 
0 y-Decalactone 15 6 0 0 
0 y-Heptalactone 0 4 0 10 
»”) y-Nonalactone 30) 23 0 0 
0 7-Octalactone 17 20 0 0 
Miscellaneous 
Acetugenol 0 0 0 0 
0 Dipheny! methane 0 0 0 0 
Eugenol 15 60 30 35 
0 iso-Eugenol 26 30 23 22 
Methyl eugenol 2 29 25 20 
12 Methyl iso-eugenol 0 0 0 0 
Tetra-hydro-p 
methyl quinoline 0 10 15 15 
0 
The aromatic chemicals were generously supplied by The 
rrubek Laboratories, East Rutherford, N 
ss) » Zone of inhibition absent 
0 Activity oF Groups OF 
CHEMICAL VAPORS 
Number Tests 
0 of Tests with 
with Anti 
Number of Anti fungal 
20 Number Tests on fungal Activity 
Tested Organisms Activity 
0 
Acetals 5 20 8 1) 
a Acids 3 12 12 100 
Alcohols 24 O68 69 72 
a Aldehydes 19 76 56 73 
0 Esters 115 160) 2) 48 
0 Ethers 4 16 10 62 
Ketones 14 56 28 
Lactones 5 20 Q 15 
Miscel 
laneous 7 28 15 54 
Total 196 784 27 54 
0 Table II was constructed from the data in Table 
an I and shows that the vapors of the acids possess the 
; highest percentage of antifungal activity, followed 
by aldehydes alcohols, ethers, miscellaneous, ketones, 
1) esters, lactones, and acetals. In the recent study 
90 of aromatic chemicals on bacteria (9) vapors of acids 
0 and aldehydes were also found to be the most active 


G 
3! P candi 
betae dum 
0 0 
0 0 
0 0 
a 90 
90 90 
90 
0 0 
0 0 
0 0 
35 20 
30 
0 0 | 
25 32 
1 
90 
55 
0 
0 
: 90 25 
0 0 
; 
90 90 Ree 
0 0 a 
35 16 
) 0) 
4 2 
0 0 
34 
0 
4 
80 30 
0 0 aa 
0 0 
0 0 i. 
50 
l 
‘ 
0 0 
0 0 
i 
15 0 
0 0 
j 
90 
0 0 
ite 
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were the least 
17°, of the 
while 


while acetals and lactones 
It was also reported that 


were igainst bacteria 


groups 
effective 
vapors tested active 
in this investigation 54°) of the vapors possessed 
antifungal properties 

The results 
full strength a 
matic chemical vapors possess 
fungal properties. It 
to suggest that the wider use of some of these chem 


indicate that at 
variety of 


clearly 

number and 

i wide range of anti- 
seem unreasonable 


presented 
great aro- 
does not 


cals, ranging from sweet nuances to refreshing floral 
toilet 
the germicidal as 


might 
proper 


notes, in irticles and medicaments 


enhance well as esthetic 


ties of the product 
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Spectrophotometric Assay for Neomycins B 
and C in Pharmaceutical Preparations 


By J. W. MORGAN, A. B. HONIG, A. T. WARREN, and S. LEVINE 


A procedure to assay neomycin in pharmaceutical preparations, based on chemical 


reactions, is described. 


Interfering substances and degradation products are re- 


moved by column chromatography, the neomycin is subjected to an acid hydrolysis, 
and the quantity of furfural thus obtained is determined colorimetrically by produc- 


ing a stable color-complex with p-bromoaniline. 


Results agree with microbiologi- 


cal assays and the decrease in activity by normal and accelerated degradation is 
followed by the chemical method. 


PRESENT, neomycin in formulations can 


A I 


which 


be assayed only by microbiological methods, 
many laboratories are not equipped to 
perform. This prompted a search for a chemical 


method which also would reduce the time re 


quired for an assay 
ninhydrin 
Alesi (1 


A color reaction of neomycin with 


O'Keefe 


method is not 


was described by and Russo 


Their ninhydrin since 


neomycin A also responds to this reagent 


Hamre, et al. (2), employed the carbazole or 


anthrone carbohydrate method which is la 


borious, not very sensitive, and subject to many 


interfering substances 


The work reported by Dutcher, ef a/. (3), in 


1951 first demonstrated that a glycosidic linkage 


existed in the neomycin molecule. By refluxing 


neomycin with methanolic hydrochloric acid 


and fractionating by ether precipitation, they 


obtained two products, neamine methanolysis 


product | and methyl neobiosamide B or C, 


depending upon which of the neomycins served as 


starting material. The existence of a pentose 
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moiety in methyl neobiosamide is apparent from 


the formation, on heating with strong mineral 


acid, of furfural his finding thereby locates 


the source of the furfural, the formation of 


which is the basis of the method described by 


Dutcher, et al. (4 his method vields the best 
potency correlation with the bioassay values and 
is sufficiently quantitative to serve as a basis for 
this analytical method 

Jecause of the presence of interfering sub 
stances and colored constituents, the analytical 
Dutcher, et al. (4 


determination of neomycin cannot be applied to 


method described by for the 


pharmaceuticals. Thus the problem of applica 
bility to pharmaceuticals resolves itself to quan 
titative separation of neomycins B and C from 
most interfering substances, principally the 
Water-chlo 


roform extractions and ion-exchange chromatog 


vehicle and degradation products 


raphy have been useful for such separations 
The interfering substances not removed by ex 
traction and chromatography are yvellow-colored 
products and do not interfere with the chemical 
method prescribed 

The optimum conditions for obtaining con 
values for the furfural formation 


sistent were 


. 
x, 
ak 
‘ 
‘ 


Vol. 50, No. 8, August 1961 


determined by examining varying c meentrations 
of sulfuric acid and varying periods of heating 


Figure | shows the amounts of furfural formed 


from neomycin with 60, 70, and 80 per cent by 


volume sulfuric acid when the solution is refluxed 
for the The optimum 
conditions of 80 per cent sulfuric acid and one 


time intervals shown 


hour refluxing time were selected 
The 


p-bromoaniline acetate method proposed by Rice 


furfural content is determined by the 


(5). According to a study Roe and 


Rice (6) 


made by 


the p-bromo-substituted compound is 


more resistant to the formation of interfering 


colored products than is aniline; hence the use 
The 
serious drawback to the p-bromoaniline method 


of p-bromoaniline was most 


adopted 


is the instability of the furfural-p-bromoaniline 


color 
Roe and Rice (6) it 
reached a 


In the original procedure described by 


was stated that the color 


maximum in approximately sixty 


minutes and remained constant for about thirty 
temperatures of 20 to 25°, then 
failed 
It was decided to 
effect if 


chloride, disodium phosphate, and oxalic acid 


minutes at 
faded 
to confirm this observation 


slowly. Trials in this laboratory 


investigate the stabilizing sodium 


used by Duncan (7) and by Adams and Castagne 


(8). In the presence of the stabilizing reagent, 


the furfural-p-bromoaniline colored compound 


was stable for about thirty minutes using a 


Beckman DU spectrophotometer 


03} 
0 
0 15 30 45 60 75 90 105 
Time in Minutes 
Fig. 1.—Formation of furfural from neomycin 


wg, 60° sulfuric acid by volume; @, 70°; sulfuric 
acid by volume; a, 80°; sulfuric acid by volume 


EXPERIMENTAL 

Degradation Study 

In order to test the validity of the chemical assay 
as compared to the microbiological assay, degrada- 
tion of a neomycin sulfate solution was accelerated 
by maintaining it at 100° and pH 1.3. Aliquots 
were removed periodically and tested by both 
methods. Results obtained in this experiment are 
represented by Fig. 2 

It appears that agreement between the chemical 
test and the is good but 
degradation products must be eliminated by chroma 
tography By making the chromatographic treat- 
ment part of the assay procedure, results by the 
chemical method to represent micro- 
biological activity. 


microbiological assay 


were shown 


> 
2 
— 
oO 
0 24 6 8 10 l2 14 16 18 
Time in Hours 
Fig. 2.—-Decomposition of aqueous neomycin 


solution at reflux temperature, pH 1.3 
potency, 4.73 mg. base per ml 
before chromatography ; 
chromatography ; 


Original 
@, Chemical assay, 
4, chemical assay, after 
B, microbiological assay 


Method 
Reagents. 


Acid Solution 


Ciurn Hydro hlori 
Dissolve 10.0 Gm. of teitriec acid in distilled water 


Add 35.0 ml. of concentrated hydrochloric acid 
Dilute to 200 ml 

p-Bromoaniline Solution.-To a brown stoppered 
bottle containing 380 ml. of thiourea-saturated 
glacial acetic acid, 10 ml. of 20° sodium chloride, 
5 ml. of 5°; oxalic acid, and 5 ml. of 10°) disodium 
phosphate, add 8.0 Gm. of p-bromoaniline (Eastman 
Kodak Co Shake and stopper. Let stand over- 
night before use and prepare about once weekly. 

Neomycin Standard Solution.—Using U. S. P 
Neomycin Reference Standard, prepare an aqueous 
solution containing 0.100 mg. per ml. of neomycin 
base 

Column Preparation.— To a glass chromatographic 
column (see Fig. 3) add approximately 20 glass 
beads and 12 Gm. of dry IRC 50 resin. Allow 
about 120 ml. of 1 N sulfuric acid to flow through 
the resin bed, collecting the effluent dropwise in a 
250-ml. beaker containing 3 drops of phenolphtha- 
lein indicator solution 


~ 
i 
td 
100 
80 
oF 
has 
a 
i 


Separatory 
6” | 3/9” Funnel 
Glass 
C 
2 vlumn 
| | 
4” | 
t 
| 
t Teflon Plug by Screw Pinch 
Stopcock Clamp 
\\ / 


Fig. 3.-Chromatographic column and backwashing 
apparatus 


Continue to pass the acid solution through the 
resin bed until the effluent in the beaker is water 
white Back wash the resin with 150 ml. of dis 
tilled water Allow the wash water to flow out of 
the column Rinse the 250-ml. beaker thoroughly 
and again add to it 3 drops of phenolphthalein 
indicator solution. Pass over the resin bed 100 ml 
of 1 N sodium hydroxide, collecting the effluent 
dropwise in the beaker. Continue to pass the basic 
solution through the resin bed until the effluent is 
pink. Back wash the resin with 150 ml. of distilled 
water. Allow the wash water to flow out of column 
The resin column is now ready for use 

Preparation of Samples. Solutions.—Transfer a 
volume of sample by means of a volumetric pipet, 
representing about 10 mg. of neomycin base, into a 
500-ml. Erlenmeyer flask containing approximately 
250 mi. of distilled water. Mix thoroughly 

Adjust the pH of the solution to 4.0 by adding 
0.1 N hydrochloric acid or 4°; sodium bicarbonate 


solution. This solution is ready to be passed 
through the resin column 
Lotion, Ointment, and Troche Accurately weigh 


a quantity of sample representing about 10 mg. of 
neomycin base, and transfer it into a 500-ml. Erlen 
meyer flask containing 100-150 ml. of hot citric-hy 
drochloric acid solution. Allow the mixture to cool 
and shake for five minutes 

Add 4 Gm. of Celite (Johns Manville, analytical 
grade filter-aid) to the flask and swirl. Filter the 
mixture, with gentle suction, through a Biichner 
funnel holding No. 40 filter paper and a precoat of 
2-3 Gm. of Celite. Wash the filter cake with ap- 
proximately 200 ml. of distilled water 

Adjust the pH of the filtrate to 4.0 by adding 
sodium bicarbonate powder 

' A topical corticosteroid lotion A topical ointment con 
sisting of a corticosteroid in hydrocarbon gel base ( Plasti 


base) A candy-type troche containing neomycin, gramici 
din, and benzocaine 
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This solution is ready to be passed through the 
column 

Tablets.-Weigh accurately 10 tablets and record 
the weight. Pulverize the tablets and weigh a 
sufficient quantity to represent 500 mg. of neomycin 
base. Transfer this sample into a 500-ml. Erlen 
meyer flask containing 200 ml. of hot citric-hvdro- 
chloric acid solution. Shake for five minutes 

Add 4 Gm. of Celite to the flask and swirl. Filter 
the mixture, with gentle suction, through a Biichner 
funnel holding Whatman No. 40 filter paper and a 
precoat of 2-3 Gm. of Celite. Wash the filter cake 
with approximately 150 ml. of distilled water. The 
filtrate should be brilliantly clear 

Transfer the filtrate into a 500-ml. volumetric 
flask and dilute to the mark with distilled water. 
Mix thoroughly. Transfer a 10.0-ml. aliquot, by 
means of a volumetric pipet, into a 500-ml. Erlen 
meyer flask containing approximately 250 ml. of 
distilled water Adjust the pH to 4.0 by adding 
sodium bicarbonate solution or 0.1 N hvydro- 
chloric acid rhis solution is ready to be passed 
through the resin column 

Creams.—Accurately weigh a sufficient quantity 
of the sample to represent about 10 mg. of neo- 
mycin base. Carefully transfer this sample, with 
the aid of 100 ml. of hot citric-hydrochloric acid 
solution, into one of three separatory funnels 

\llow the mixture to cool to approximately 
te Add 50 ml. of chloroform to the separatory 
funnel. Insert the stopper and invert the separa- 
tory funnel, immediately releasing any excessive 
pressure Repeat this step until it is possible to 
shake the mixture in the separatory funnel continu- 
ously. Shake for three minutes, occasionally 
removing the stopper. Allow the separatory 
funnel, without stopper, to remain at room tem- 
perature until the two layers have separated 

Transfer 50 ml. of 0.1 N hydrochloric acid to the 
two remaining separatory funnels. Draw off the 
bottom organic layer from the sample mixture into 
the second separatory funnel. Scrub this organic 
layer with the 0.1 N hydrochloric acid by shaking 
the mixture for thirty seconds 

When the layers have separated, continue to 
scrub the organic layer into the third separatory 
funnel. Discard the organic layer from the third 
separatory funnel. Transfer 50 ml. of chloroform 
to the first separatory funnel. Again shake the 
mixture for three minutes. Allow the layers to 
separate. Scrub the organic layer with 0.1 N 
hydrochloric acid as first described. Repeat the 
extraction of the sample mixture in the above 
manner 

rransfer the aqueous solution of the first separa- 
tory funnel into a 500-ml. Erlenmeyer flask. Rinse 
the separatory funnel with the acid solution from 
the two remaining separatory funnels. Add 4 Gm 
of Celite to the Erlenmeyer flask and swirl. Filter, 
with gentle suction, the mixture through a Biichner 
funnel containing a piece of Whatman No. 40 filter 
paper and a precoat of 2-3 Gm. of Celite. Wash 
the filter cake with approximately 200 ml. of dis- 
tilled water. The filtrate should be brilliant and 
free of turbidity due to finely suspended particles 
Carefully adjust the pH of the filtrate to 4.0 (+0.1 
by adding sodium bicarbonate powder. This 
solution is ready to be passed through the resin 
column, 
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TABLE I 


Sample 


IP 


Neomycin sulfate, meg. base/mg 


Cream, mg. base /‘Gm ic 


> KSC 


Solution, mg. base /ml l 
Tablet, Gm. base /tablet l 
Troche, mg. base / troche l 
Stability samples 1 SFSL 

l 

l 


Lotion, mg. base /Gm 


Ointment, mg. base /Gm 


Isolation by Ion Exchange. —Pass the filtrate ob 
tained under “Preparation of Sample”’ through the 
prepared IRC-50 (Na resin column, collecting 
the effluent at the rate of 8-10 ml. per minute 
Wash the resin bed with 100 ml. of distilled water 

Discard the effluent and washings. The neo- 
mycin on the resin is eluted with approximately 100 
ml. of dilute ammonium hydroxide solution (2 ml 
of concentrated ammonium hydroxide plus 15 ml 
of distilled water Collect the effluent at a rate of 
5-7 ml. per minute in a 100-ml. volumetric flask 
Adjust to the exact volume with water 

Spectrophotometric Assay.-Prepare two 50-ml., 
round-bottom flasks, containing three boiling 
stones each; to the first one add 5.0 ml. of neomycin 
sample solution, and to the second one add 5.0 ml 
of neomycin standard solution. To each round 
bottom flask add, by means of volumetric pipets, 
25.0 ml. of xylene and 3.0 ml. of 80°), sulfuric acid 
solution 

Reflux the two flasks for exactly sixty minutes 
under a water condenser with power stats set at 
approximately 20 volts and adjusted to give identi 
cal reflux rates. After refluxing, disconnect the 
heating mantles. Allow the two flasks, attached 
to the water condenser, to cool to room temperature 
After cooling, disconnect the flask without dis- 
turbing the two phases 

Decant the xylene layer into a 125-ml. separatory 
funnel containing about 2 Gm. of anhydrous sodium 
acetate and a small pledget of glass wool in its 
stem. Stopper and shake for thirty seconds 
Collect the xylene solution in a suitable container 
Carry out the same procedure for the second 
flask 


Set up 3 large test tubes To the first test tube 


COMPARISON OF CHEMICAI 


AND BIOLOGICAL ASSAYS 


rheory Chemical Microbio 
logical 


633 
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2.88 2.74 2 
2.88 2.82 2 
2.88 2.90 3 
2 88 2.81 2 
2.88 2.83 2 
2.75 2.94 2 
2.75 2.76 2 
3.0 3.14 3.08 
0.335 0.333 0.343 
3.30 3.30 3.06 
2.75 mg. base/Gm 2.55 2.37 
2.75 mg. base/Gm 2.45 2.46 
5.00 mg. base /ml 4 4.79 
0.335 Gm. base/tablet 0.293 0.294 
2.75 mg. base /troche 2.69 2 61 
2.75 2.95 3.02 
2.48 2.82 2.68 
2.75 2.94 2.81 
2.79 3.10 3.01 
2.75 2.76 2.66 
2.75 2.69 2.66 
2.75 2.87 2.78 
2.745 2.91 2.83 
2.745 2.93 
2.88 2.82 2.80 


te 


add 3.0 ml. of the xylene, as the blank; to the second 
test tube, add 3.0 ml. of the sample xylene solution; 
and to the third test tube add 3.0 ml. of the standard 
xylene solution. To each test tube add 15.0 ml. 
of p-bromoaniline reagent. Shake the test tubes 
laterally. Allow the color to develop in the dark 
for forty-five minutes 

Read the absorbance at 526 (+2) my on a Beck- 
man DU spectrophotometer equipped with a 5-cm 
cell, using the reagent blank for zero adjustment. 


RESULTS AND DISCUSSION 


This method has been in use for one year and 
has proved to be very satisfactory 

The accuracy and versatility of the method is 
indicated by the results given in Table I on different 
pharmaceutical preparations. These results agree, 
within normal variation, with the microbiological 
assay 

Work is under way in this laboratory to adapt 
the principle of this method to other neomycin 
assay problems 
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IV 


Saccharin Derivatives 


Synthesis of 2-(Diethylcarbamoyl)- and 
2-(Diethylthiocarbamoy!)saccharin, and Related Compounds 


By SATYENDRA J. MEHTA and GLENN H. HAMOR 


Because acylurea and carbamate groups are associated with various pharmaco- 
logical activities, a number of saccharin and 6-nitrosaccharin derivatives con- 
taining these groups were synthesized for pharmacological screening. The com- 
pounds prepared were: 2-(diethylcarbamoyl)saccharin; 2-(diethylcarbamoyl)- 
6-nitrosaccharin; 2-(diethylthiocarbamoy!l)saccharin; and 2-carbethoxysaccharin. 
Also isolated from the reaction of the N,N-dialkylcarbamoy! chlorides and sodium 
saccharin (or sodium 6-nitrosaccharin) were compounds whose analyses corre- 
sponded to the following structures: 3-(diethylamino)-1,2-benzisothiazole-1,1- 
dioxide; and 3-(di- 
methylamino)-1,2-benzisothiazole-1,1-dioxide. Preliminary pharmacological 
testing has indicated that 2-(diethylcarbamoyl)saccharin; 2-carbethoxysaccharin; 
and 3-(diethylamino)-1,2-benzisothiazole-1,1-dioxide possess a low degree of 
sedative and central nervous system depressant activity, and have no significant 
anticonvulsant, antitumor, or diuretic activity. 


M™ COMPOUNDS containing carbamate or and the infrared absorption spectra of these com- f 
acylurea groups exhibit various types of pounds correspond to structures of the following 
medicinal activity including those of anticon general formula (B) hese substances are 
vulsant, antifungal, antitumor, diuretic, and listed and their properties given in Table II : 
sedative (1). The purpose of this work was the . 
O 
preparation of some saccharin and nitrosaccharin x 

| derivatives containing carbamate and acylurea ] N R ‘ 

groups for pharmacological testing Sy X-H, NO 
The compounds prepared have the following R : 
general formula (A), and are listed and their B - 
roperties given in Table I 
Preliminary pharmacological testing has indi 
O cated that 2-(diethylearbamoyl)saccharin; 2 
carbethoxysaccharin; and 3-(diethylamino)-1,2 
} | benzisothiazole-1,1-dioxide possess a low degree 
: O of sedative and central nervous system depressant 
A activity and have no significant anticonvulsant, 
antitumor,' or diuretic activity.* Of interest 
: R C—N(C.H C—N(C,H:,) here may be the work of Whitehead and Traverso 
Oo reporting the synthesis of N-monosubstituted 3 
amino-1,2-benzisothiazole-1,1-dioxides for evalu 
2H ation as diuretic or hypoglycemic agents (2) ty. 
X H, NO, 
; EXPERIMENTAL 
Ihese saccharin derivatives were prepared by 
refluxing sodium saccharin or sodium 6-nitro 2-(Diethylcarbamoy] )saccharin(I)."To a mix- 
saccharin with N,N-diethylearbamoyl chloride, ture of 24.12 Gm. (0.1 mole) of powdered sodium 
. ( . . 
N.N-diethvithiocarbamovl chloride, or ethyl saccharin and 100 ml. of dry chloroform contained se 
hl in a 250-ml. flat-bottomed flask provided with a 
chloroformate in such solvents as chloroform reflux condenser was added 15.0 Gm. (0.11 mole) : 
benzene, or a carbon tetrachloride-water mixture of N,N-diethylearbamoyl chloride. The mixture uy 
Also isolated, in many cases, from the reaction was refluxed for eighteen hours with occasional 
of the N.N-dialkvlearbamovl chlorides and ‘tng and then filtered while hot. Evaporation 
li ante (im ebdition to th . ted of chloroform from the filtrate gave a thick, viscous, 
accnari { ad¢ o e expectec 
— almost transparent, semisolid mass. Recrystal- 
dialkylearbamoylsaccharins) were other, higher 
: an Anticancer screening was performed through the services 
melting compounds rhe elemental analyses of the Cancer Chemotherapy National Service Center , 
National Institutes of Health, Public Health Service, Be b 
Received August 16, 1960, from the School of Pharmacy thesda, Md f 
] University of Southern California, Los Angeles The authors are indebted to Smith Kline and French : 
' Accepted for publication October 14, 1960 Laboratories, Philadelphia, Pa., for pharmacological testing 
Presented to the Scientific Section, A. Pu A., Washington Chem nomenclature 2-(diethylearbamoy])-1,2 
D. C., meeting, August 1960 benzisothiazolin-3-one- 1. 1-dioxide 
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lization of this solid from ethanol gave as a first crop 
2.5 Gm. of a white crystalline product which was a 
mixture of two compounds, one melting at 110-115 
(the desired compound ), and the other melting in the 
range of 200-205° |[corresponding to 3-(diethyl 
amino)-1,2 dioxide To the 
ethanolic mother liquor from the above first crop 
was added distilled water, resulting in the formation 
of a copius white precipitate \fter standing four 
hours at room temperature the mixture was filtered 
and, after repeated recrystallization from ethanol 
(40°,) of white, crystalline 2 
(diethylearbamoyl )saccharin melting at 117-118 

3 - (Diethylamino) - 1,2 - benzisothiazole - 1,1 - 
dioxide( V ). The 
using the same materials, but the reflux period was 
lengthened to sixty-four hours. At the end of the 
sixty-four-hour period the hot chloroformic reaction 
mixture filtered rhe insoluble 
Gm contained unreacted 
chloride 


benzisothiazole - 1,1 


water, gave 12.5 Gm 


above reaction was repeated 


was residue (8.5 
saccharin and 
Evaporation of the filtrate to 


saturation point, cooling, and filtering gave 12.5 Gm 


Somme 


sodium 


of a white, crystalline product melting in the range 
of 200-205 Recrystallization from ethanol gave 
11.5 Gm. (46.9°,) of the compound analyzing for 3 
(diethylamino )-1,2-benzisothiazole-1,l-dioxide and 
melting at 206-207 

2-( A 
mixture of 24.12 Gm. (0.1 mole) of powdered sodium 
18.0 Gm. (0.12 mole) N,N-diethyl 
chloride refluxed in 100 ml 
dry chloroform for six hours. The hot solution was 
filtered the filtrate gave a 
red-colored soft material which was dissolved in hot 
ethanol wctivated 
The ethanol standing one day at 
room filtering, vielded 9.0 
Gm. (30°,) of light vellow-colored crystals melting 
it 140-141 While the found for 
differ by from the 
calculated values (as shown in Table I 
sulfur 
calculated values 


saccharin and 
thiocarbamoy!l was 


Upon evaporation 


and decolorized by charcoal 
solution, of 


temperature and then 


inalytical value 
carbon approximately 
, the nitrogen 
and determinations agreed closely with the 
\lso, the infrared spectra of this 


compound (as determined using the Perkin-Elmer 


model 137 Infracord, with the sample prepared in a 
Nujol mull 
tion bands in the carbonyl region of 5.76 and 


showed two moderately strong absorp 
corresponding to the expected structure 

Another run of was refluxed 
From this reaction, 8.0 Gm 
crvstalline 
isolated 
elemental 


identical materials 
for twenty-four hours 
34°,) of a white, 


206-207 


substance melting at 


was compound 


inalysis as 


gave the 
obtained for 3 
1, 1-dioxide \ 
mixed melting point of the two compounds gave no 


same 
(diethvlamino 


was 


| ,2-benzisothiazole 


depression, therefore they were judged to be identi 
cal \ run 
carbon 


medium of 
similar 


using a reaction water 


tetrachloride gave a vield of this 
higher-melting compound 
2 - (Diethylcarbamoy]) - 6 - nitrosaccharin( II). 

A mixture of 2.3 Gm. (0.008 mole) sodium 6-nitro 
saccharin (3) and 1.4 Gm. (0.01 mole) N,N-diethyl 
carbamoyl chloride was refluxed in 50 ml. of dry 
chloroform for hours. Filtration of this 
hot mixture followed by complete evaporation of 
chloroform from the filtrate gave a soft solid. Re 
crystallization from ethanol yielded 1.9 Gm. (73°, ) 
of white, needle crystals melting at 172-173 


3 - (Diethylamino) - 6 - nitro - 1,2 -_benziso- 


twenty 


Journal of Pharmaceutical Sciences 


thiazole-1,1-dioxide( VI).—-Three grams (0.012 mole) 
of sodium 6-nitrosaccharin was refluxed with 1.5 
Gm. (0.012 mole) of N,N-diethylthiocarbamoy! 
chloride in 50 ml. of dry chloroform for eighteen 
hours. The resultant product was purified and 
recrystallized from acetone, giving 2.0 Gm. (67, ) of 
the desired light 

256-257 
3 - (Dimethylamino ) - 1,2 - benzisothiazole - 1,1 - 
dioxide( VII)..-A mixture of 48 Gm. (0.02 mole) 
powdered sodium saccharin, 2 ml. chloroform, and 
15 Gm. (0.02 N,N-dimethylearbamoy] 
chloride was heated in a flask equipped with a 
reflux condenser on an electric hot plate at 150 
160° for one hour. After cooling the flask 25 ml. of 
chloroform was added and the mixture was refluxed 
for twenty-four with manual 
stirring rhe desired product isolated in a 
manner similar to that used for the preceding com 
pounds and recrystallized from ethanol to give 0.5 
~) of white, crystalline compound, m. p 


yellow-colored compound, m. p 


mole ) 


hours, occasional 


was 


-(Carbethoxy )saccharin(IV)..- Magidson and 
Garbschow (4 this compound, but 
did not fully describe the procedure. A mixture 
of 24.12 Gm. (0.1 mole) powdered saccharin, 10.8 
Gm. (0.1 ethyl chloroformate, and 50 ml. of 
dry benzene was refluxed for sixteen hours. The hot 
filtered the insoluble 
ontaimed 
ind sodium chloride 


prepared 


mol 


reaction mixture then 
residue (8.5 Gm 
charin \fter cooling the fil 
trate, filtering, and recrystallizing the resultant 
solid, 22.5 Gm. (65‘ of white, ervstalline com 


pound, m. p. 136° (reported m. p. 136 +) 
obtained 


wus 


some unreacted sac 


was 


DISCUSSION 


When N,N-diethvlearbamovl chloride is refluxed 
with sodium saccharin in chloroform two products 
ire obtamed Phe lower-melting compound (m. p 
117-118 is the 
saccharin Che 


expected 2-(diethylcarbamoy!l 
higher-melting compound (m. p 
207°) has the empirical formula C,),H,~N,O.S 
It was observed that at least sixteen but not over 
eighteen hours were required in order to obtain a 
vield (40°,) of 2-(diethylearbamoy! 
On the other hand, if the refluxing time 
for the reaction mixture was prolonged to more than 
eighteen hours, the proportion of the yield of the 
higher-melting compound gradually increased, and 
that of the compound 
\t the end of sixty-four hours, the reaction mixture 
was found to contain a preponderance of the product 
of Cy, (47°, vield 
The refluxing of sodium 6 
N,N-diethvlearbamovyl 


twenty 


maximum 
saccharin 


lower-melting decreased 


vutrosaccharin with 
chloride in chloroform for 
only 2-(diethyvlearbamovl)-6 


hours gave 


nitrosaccharin. Longer heating periods were not 
tried 
The reaction of 


diethvithiocarbamoy! 


N,N 


was 


sodium saccharin with 
chloride in chloroform 
very similar to the reaction of sodium saccharin and 
N,N-diethylearbamoyl chloride. With shorter re- 
action periods (six to eight hours) a mixture of two 
compounds obtained. Fractional crystalliza 
tion gave a lower-melting substance (m. p. 140—-141°) 
which was the expected 2-(diethylthiocarbamoy]) 
saccharin, and a higher-melting compound (206 


was 


5 
6 
f 
4 
4 
hy 
| 
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207°) which was identical with the product of 
Cy HyN.OeS (obtained by the reaction of N,N 
diethylearbamoyl! chloride with sodium saccharin), 
as shown by no depression of a mixed melt of the 
two. Refluxing the mixture for twenty-four hours, 
instead of the six to eight-hour reaction time, gave a 
vield of 34°) of the higher-melting compound 
Similarly, stirring a mixture of sodium saccharin and 
N,N-diethylthiocarbamoyl! chloride in water-carbon 
tetrachloride for one hour at room temperature 
vielded 34°; of the higher melting compound 
When sodium 6-nitrosaccharin was refluxed with 
N,N-diethylthiocarbamoyl! chloride in chloroform 
for eighteen hours, only a high-melting compound 
(m. p. 256-257°) of Cy could be isolated 
Likewise, when sodium saccharin was refluxed with 
N,N-dimethylearbamoyl chloride in chloroform for 
twenty-four hours, only a high-melting compound 
m. p. 273-274°) of CyHyyN2O2S could be obtainec 
The infrared absorption spectra of 2-(diethyl 
carbamoyl )saccharin, the higher-melting product of 


C,,HyN-,O.S, )saccharin, 
and the high-melting compound C),;Hi;N;O.8 were 
determined for comparison purposes. The two 


saccharin derivatives each show two moderately 
strong absorption bands in the carbonyl region of 
5.76 and 5.90u% which are absent in the two high 
melting compounds (5). The products of CyHis 
N.OWS and show moderately strong 
absorption at 6.244 which is absent in the two 
saccharin derivatives.‘ The absorption at 6.24u 
is in the region that could correspond to the —C==N 
(conjugated or cyclic) grouping 

Refluxing 2-(diethylearbamoy] )saccharin in 
chloroform for periods of up to seventy-two hours 
resulted in recovery of the unchanged starting 
materials. This indicates that the 2-substituted 
saccharins are not intermediates in the formation of 
the higher-melting compounds and that the latter 
compounds are not then simply results of rearrange 
ment of the former compounds 

The above experimental facts along with the ele 
mental and infrared analyses suggest that these 
higher-melting compounds have the 3-(dialkyl 
amino )-1,2-benzisothiazole-1,1-dioxide structure as 
shown in Table II rhe following series of reaction 
equations involving sodium saccharin and N,N 
diethylearbamoyl chloride may offer an explanation 
for the occurrence of both the lower-melting 2 
substituted saccharins and the higher-melting 3 
substituted 1,2-benzisothiazole-1,1-dioxides 

‘ The authors thank Dr. C. K. Warren, Chemistry Dept., 


University of Southern California, for performing, and aiding 
in the interpretation of the infrared analyses 


0, 
| | 
—N(CoH,) 
0, 
Ci- C— N(C2H,)» we N-C—N(C2H 
= 
ihe. 
N 
O 
| 
> \ | 
O-C—N(C,H 
unstable 
0. 


co, 


Evidence for the possibility of the above series of 
reactions is given by Ayca who has shown that solid 
saccharin is in the lactam form which gives the 
N-substituted derivatives; while in solution, 
saccharin is partly rearranged into the lactim form 
which gives the O-substituted derivatives (6) 
Evidence for the rearrangement may be seen in work 
if Norris on the reaction of dialkycarbamoyl chlo 
rides with silver nitrate (7). Here, RgNCOCI and 
AgNO, gave the corresponding R,NNO, and 
R.NNO, COs, and a little dialkylammonium nitrate 
The reactions presumably proceeded through the 
unstable intermediates O.NOCONR, and 
ONOCONRag, respectively 
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Influence of Various Concentrations of Nutrients on 


Growth and Alkaloid Synthesis in Datura stramonium 


By AUGUSTUS E. DeMAGGIO 


In the present investigation field-grown plants of Datura stramonium L. were ferti- 


lized with prepared nutrient mixtures containing varying amounts of nitrogen, phos- 


phorus, and potassium. 


Following a four-month growing period the effect of vari- 


ous nutrient formulas on the growth and alkaloid content of the plants was determined. 
Of the various concentrations of nutrients tested, the mixture containing equal 
parts of nitrogen, phosphorus, and potassium (10-10-10) was most effective in in- 


creasing the total of alkaloidal yield from both the leaves and roots. 


It appears that 


as the concentration of nitrogen in the formula is decreased (the other nutrients re- 
maining constant), the production of alkaloid in the leaves and roots is also de- 


creased. 


IT RECENT YEARS a number of workers have 
investigated the various means of increasing 
the alkaloidal content of plants in the Solanaceae 


and other alkaloid-bearing families (1 These 
investigations have ranged from elaborate studies 


of hydroponics (2), to studies on alkaloid biosyn 
thesis through the introduction into the plant sys 


tem of various organic and inorganic nitrogenous 


compounds (3, 4) as well as plant and animal 
hormones 

Although the importance of adequate nutri 
tional requirements for attaining maximum alka 
loidal yield 


tively few investigations have been 


has not gone without notice, rela 
carried out 
utilizing varying proportions of combinations of 
nutnents 10) 

In the present investigation an attempt has 
been made to determine the effect, under field 
cultivation, of various concentrations of nitrogen, 
phosphorus, and potassium in prepared nutrient 
growth and the alkaloidal con 


tent of Datura stramonium. 


mixtures upon the 


EXPERIMENTAL 


Procedure.—-It is well known that plant growth is, 
in part, dependent upon the presence of a number of 
elements in the soil, 


among them nitrogen, phos 


phorus, and potassium. These three are generally 
included as part of the ‘ 
sary for plant growth and development and are the 


elements most commonly deficient in many soils 


essential elements"’ neces 


Since the plot of land selected for the growing of the 
plants in this study was found by analysis' to be 


deficient in nitrogen, phosphorus, and potassium, 


Received August 15, 1960, from Rutgers The State 
University, College of Pharmacy, Newark 

Accepted for publication November 4, 1960 

This investigation was carried out in the laboratories and 
plant garden of the Massachusetts College of Pharmacy 
1954-1956 The author wishes to acknowledge the kind 
assistance of Professor Maynard W. Quimby and Dr William 
E. Hassan, Jr 

Presented to the Scientific Section, A. Pa. A., Washington 
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The physical size of the plants also appears to be directly related = the 
concentration of nitrogen in the fertilizer. 
phorus on the growth of the plants and the alkaloidal content is also considered. 


The influence of potassium and phos- 


the following materials were used in the preparation 


of the nutrient formula: superphosphate, 20°; 
(source of phosphorus calculated as P,O,); muriate 
ol potash, Ho (source of potassium calculated 
K.O); 20°) nitrate of soda, 16°); 60°, ammonium 
sulfate, 20°,; 10°) urea, 45°); and 10°) tankage, 
8°; (source of nitrogen calculated as N) 

hese materials were used in the various formulas 
at the rate of 1,000 pounds of the mixture per acre 
and were prepared in the following concentrations 
5-10-10, 0-10-10, 10-10-10, 5-0-10, 5-10-0, and 5-10 
20. The first digit represents the concentration of 
nitrogen, the second digit the concentration of phos 
phorus, and the third digit the concentration of potas 
sium in the fertilizer, calculated as parts per hun 
dred 

rhe plot of land selected for the growing of the 
plants was measured and was then divided into seven 
separate beds. These beds were then marked off 
with string; and a strip, a foot wide, was left 
separating adjoining beds so that there would be 
little possibility of nutrients being diffused into other 
than their own beds. The plot of land sloped some 
what, and the planting, therefore, was arranged so 
that the longer dimension of each bed followed the 
grade. This was done so that during watering of 
the plants the water and dissolved nutrients would 
follow the grade and still remain in their respective 
beds. The pH of the soil was determined by analy- 
sis with the Beckman pH meter to be 5.2 

On May 28, calculated amounts of the various 
concentrations of nutrients were evenly spread on all 
beds except that used for growing the control plants 
At this time, seeds of Datura stramonium were evenly 
sowed in furrows. Seedlings, 
three weeks, were dusted with an 


which appeared in 
antifungal powder? 
to prevent their damping off and two weeks later 
were thinned out so that there remained approxi 
mately five plants to a row in each of the fertilized 
beds and in the control bed 
The beds were watered, and weeded, and lightly 
cultivated each week during the growing of the 
plants. The prepared nutrient mixtures were 
applied to the soil again in August and September, 
total of three fertilizations for the four-month grow- 


ing period 

Manufactured by DuPont. Composition methoxy 
chlor, technical, 5 0° gamma-benzene hexachloride, 1. 0°, 
2(p-tert-butphenoxy) isopropyl 2 chlorethylsulfite 1 5% 
fibron (ferric dimethyldithiocarbamate) , 7.6°% ; sulfur, 27.0° 
and inert ingredients, 57.9% 
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The plants were harvested on September 28, 
after four months of growth. The leaves, stems, 
roots, and seeds were collected and were dried in the 
laboratory by being spread out on cloth 
After being air-dried for about one month, samples 
were removed from each lot and were dried to con- 
stant weight in a 37° oven, the soil and extraneous 
material adhering to the roots having been washed 
out thoroughly before drying. The various lots of 
leaves, stems, seeds, and roots were ground to a 
powder and were then assayed by the 
method of the National Formulary, 10th ed 
The titrating equivalent for belladonna was used: 
each ml. of 0.02 N sulfuric acid being equivalent to 
5.788 mg. of the alkaloids of belladonna. Three 
assays were performed for each organ of the plants 
grown with the various nutrient mixtures and for the 
control plants. These determinations were aver- 
aged; and the results expressed in terms of percent- 
age of total alkaloid present in the various organs of 
each lot 

Growth Experiments.—The results of the effect 
of various concentrations of nutrients on the 
growth and physical appearance of the plants were 
observed and recorded at the time the plants were 
harvested. At this time the plants of the various 
groups were compared with the control plants 
This comparison was made for each type of nutrient 
employed in the experiment 


cheese 


coarse 


In the control group of plants, which were grown 
without the addition of any nutrients, the average 
height was found to be approximately 35cm.  Foli 
age development was rather scanty over this entire 
batch of plants and the leaves were not so robust as 
the leaves on many of the other groups. The size of 
the leaves and condition of the stems of plants from 
this group was normal in relation to the size of the 
plants but many plants appeared stunted in height 
and undernourished 

The plants fertilized with 5-10-10 or 0-10-10 grew 
The size of the 
leaves and the amount produced from these plants 
slightly over the control plants 
However, best leaf development was noted in the 
0-10-10 group. Fruit production in plants from the 
5-10-10 group considerably than in the 
control plants, although stem development was pro- 
moted in plants from both treated groups 


to an average height of 42.5 cm 


was increased 


was less 


Maximum growth was obtained by plants fer 
tilized with a 10-10-10 mixture. These 
reached an average height of 100 cm., which was 
about three times the average height of the control 
plants (Fig. 1 Foliage development appeared to 
be stunted for plants of this size and fruits, even 
though greatly underdeveloped in size, were ripening 
much faster than the fruits of the control plants 

Plants fertilized with 5-10-0, 5-10-20, or 5-0-10, 
attained heights of 60, 67.5, and 65cm., respectively 
rhe foliage production was about normal for the size 
of the plants and in each case was more extensively 
developed than that of the control plants. Plants 
from groups treated with 5-10-0 or 5-10-20 showed 
very abundant fruit production, and in many in 
stances fruits were seen to be ripening. Fruits on 
plants treated with a 5-0-10 mixture were very much 
smaller and not so well developed as compared to 
fruits from some of the other groups. Each group of 
plants displayed normal stem growth and all 
treated plants appeared to be healthy and robust 


plants 


Fig. 1——-Comparison of 10-10-10 and control 
plants. No.1, control plant; No. 5, plant cultivated 
with 10-10-10 
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Results of alkaloidal assays on plants ferti- 
lized with varying amounts of nitrogen 


Fig 


Alkaloidal Assays.—-The results of the alkaloidal 
assays upon the leaves, roots, stems, and seeds of 
plants fertilized with varying amounts of nitrogen, 


potassium, and phosphorus, are presented in Figs. 2, 
3, and 4 


DISCUSSION 


As a result of this investigation it appears that as 
the concentration of nitrogen in the formula is in- 
creased, the other nutrients remaining constant, the 
overall growth of the plants as well as the production 
of alkaloid in the leaves and roots is also increased. 
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Fig 3 Results of alkaloidal assays on plants ferti 
lized with varying amounts of potassium 
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Fig. 4.—Results of alkaloidal assays on plants 
fertilized with varying amounts of phosphorus, along 
with the control 


These findings substantiate the results of previous 
workers (2, 3, 9, 10) who have shown for their 
respective species that incre ased levels of available 
nitrogen, supplied either to the soil or culture solu 
tion, will considerably enhance the vield 
and alkaloidal content of solanaceous plants Phe 
manner by which this available nitrogen is channelled 
ilkaloid syn 


considerable work 


vegetative 


and utilized in protein synthesis and 
thesis is not fully knows 
on this problem (11 12 


ck spite 
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Leaves from plants fertilized with a nutrient mix 
ture containing phosphorus, 5-10-10, displayed 
almost a threefold increase in alkaloidal yield when 
compared with leaves from plants treated with a 
mixture containing only nitrogen and potash, 5-0-10, 
indicating the essentiality of available phosphorus 
for higher yields of Datura alkaloids. Although the 
phosphorus in the nutrient formula 
caused considerable increase in the alkaloidal yield, 
no beneficial effect of the added phosphorus on plant 
growth could be noted 


presence of 


Brewer and Hiner (9), utilizing Hyoscyamus niger, 
found that a combined nitrogen and phosphorus 
fertilizer produced an increase in alkaloid content 
Prasad (10), also reporting on alkaloid formation in 
Hyoscyamus niger, states that a combined nitrogen 
and potassium fertilizer caused 
crease in yield 
that 
tilizer is far superior to a combined nitrogen-potas 
sium fertilizer in increasing alkaloidal 
Datura 

James (1 


a considerable in- 
The results reported in this study 
suggest a combined nitrogen-phosphorus fer 
yield in 


presents the results of various authors 
who have reported decreases in the alkaloidal assays 
of solanaceous plants due to the application of potas- 
sium fertilizers \ similar decrease in alkaloidal 
assay was noted, in the present investigation, when 
potassium was added to the prepared fertilizer Al 
though no reason is apparent which might account 
for the marked decreases observed in this study by 
the addition of increesing concentrations of potas- 
sium, there is some evidence to indicate that potas- 
sium favors protein synthesis, in this case, at the 
expense of alkaloid synthesis. However, it should 
that increased addition of 
potassium to the soil may inhibit uptake of calcium 
or magnesium (13), both of which play an active part 
biochemical reactions of the cell. A de- 
crease in alkaloid content could then conceivably re- 


also be remembered 


in many 


sult from a deficiency of these essential ‘‘factors’’ 
necessary to initiate or complete some phase of the 
synthesis \t the present time information is not 
available to substantiate either of these theories and 
further work in this direction has beeen initiated 
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Some Aspects of Phytochemical and 
Pharmacological Study of Saussurea lappa Clarke 


By B. C. BOSE, A. Q. SAIFI, R. VIJAYVARGIYA, and S. K. SHARMA 


S. lappa yielded 1.39 per cent of essential oil, 

0.05 per cent of alkaloids, and reducing 

sugars, tannins, and resins. Pharmaco- 

logical tests with extracts, the oil, and the 
alkaloid were recorded. 


A PERENNIAL HERB, Saussurea lappa, growing 

in the Himalayas and Kashmir and pop 
ularly known as Kut, has been used in Ayurvedic, 
Unani, and other indigenous systems of medicine 
Chopra and De (1) 
reported on the pharmacological actions of the 
The 
present work embodies a chemical and pharma 


as an antiasthmatic drug 


essential oil and of alcoholic extracts 


cological study of the active principles of the 
plant with special reference to its bronchodilator 


effect 
EXPERIMENTAL 


Authenticated samples of air dried root were 
powdered and successively extracted with petroleum 
ether, benzene, ether, chloroform, alcohol, and 
water. The residues were found to be 1.82, 2.76, 
0.4, 0.56, 2.08, and 3.82,, respectively 
Quantitative analysis of the root revealed the 
1.39°, of volatile 
oil by essential oil determination apparatus, 1.2°; 
of tannins by potassium permanganate method, and 
1.9% A.O.A.C. method. On in- 
cineration, the powder yielded 3.1°, of total ash, 
0.02) of acid-insoluble ash, and 0.3°, of water 
soluble containing calcium, magnesium, po 
tassium, and silica 
Methods and Material... On preliminary pharma 
cological study of the various fractions, positive 
results were obtained only with the aqueous and aleo 
holic extracts, total alkaloids, and the essential 
oil; the remaining fractions, chloroform, ether, 
benzene, and petroleum ether extracts, did not show 


presence of 0.05°, of alkaloids, 


of resin by the 


ash 


any significant results 


OF VWANIOUS "(ONS OF APPA ON RESRE BP 


an 


Fig. 1.--Effect of aqueous (Aq.) and alcoholic 
(Ale.) extracts on blood pressure of dog 
Received June 15, 1060, from the Department of Pharma 


cology, M. G. M. Medical College, Indore, India 
Accepted for publication November 24, 1060 


Detailed pharmacological studies were conse- 
quently carried out with the aqueous and alcoholic 
extracts (1:10), essential oil dissolved in propylene 
glycol (1:1), and the total alkaloids in acidified 
aqueous solution (1 mg./ml 

The effect on blood pressure, respiration, and 
heart im situ was studied in mongrel dogs. The 
effect on mammalian smooth muscle was studied by 
usual techniques. Bronchodilator action of differ- 
ent fractions was estimated by the tracheal chain 
method as detailed in our previous publication (2) 
and the lung perfusion technique of Tainter (3 

RESULTS 

The effects of the active fractions were recorded 
Both the aqueous and the alcoholic 
extracts, in doses of 0.01-0.05 Gm./Kg. and 0.01 
0.1 Gm./Kg., respectively, elicited a moderate 
pressor response in dogs (3-10°,) in case of the 
former and (5-15°; 
in Fig. 1. (b) The aqueous and alcoholic extract, 


as follows: (a 


in case cf the latter, as shown 


OF S$. LAPPA on 


sNTESTINE 


POF 


> 


Fig. 2.—-Effect of various fractions on acetylcholine 
Ach.) induced contractions of intestine 


TABLE |! EFFECT OF THE ESSENTIAL OIL AND 

ALKALOID OF S. lappa ON ACETYLCHOLINE, HISTA 

MINE, AND BariuM CHLORIDE INDUCED CONTRAC 
TION OF ISOLATED INTESTINE 


Percentage Inhibition 
Acetyl Hista 
choline mine Barium 
* 02 x Chlioride 
Concentration 10 
Essential : 10-* 20.3: 33.8: 4.21 
oil 38 53.47 18.32 
60.5 30.2 
Q 7 64.2 22 


Fraction 


Alkaloid 
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in a dose of 0.025-0.05 Gm./Kg. stimulated the dog 
heart particularly the ventricles, the rate remaining 
higher dose (0.5 Gm./Kg.), 
The essential 


unchanged At a 
myoc irdial depression was observed 
oil depressed the heart even in a dose of 0.05 ml. /Kg 
c) The extracts, in small 
doses, stimulated the frog heart in situ, but a definite 
depressant effect was observed at higher concentra 


iqueous and alcoholic 


tions 


“et 


stn 


various fractions of histamine 
contractions of intestine 


Fig. 3 Effect of 
Hist induced 


Tasie Il.--Errect or AQUEOUS AND ALCOHOLIC 

EXTRACTS, ESSENTIAL O1L, AND ALKALOIDAL FRAC 

lappa ON ACETYL CHOLINE AND HISTA 

INDUCED CONTRACTIONS ON ISOLATED TRA 
CHEAL CHAIN OF GUINEA P1G 


TIONS OF S 
MINE 


Percentage Inhibition 


Histamine 
Concentratiw 1x 10 
Fraction mg. /Ke 2 » 02 x 10 
5 1S 66 
10000 30) 54 
OOO 5 
36 10 30 
31 
67 
Essential 2h) 9.30 11.50 
oil 
28 O00 
Alkaloid 025 
O50 OO 


33 
25) 13.56 


Aqueous 


Alcoholic 


30 


raace ill Errect oF ALCOHOLIC, 


ON GUINEA Lune 


Extract 


mus 


Alcoholic 


Alkaloid 
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oN on ATION OF 


Fig. 4.-Effect of various fractions on respiration of 


dog. 


OF ON TRACHEAL 
OF @ Pre. 


Fig. 5.—-Effect of various fractions on histamine 
and acetylcholine induced contractions of isolated 
tracheal chain of guinea pig 


Isolated Intestine.All the fractions produced 
mild stimulation, followed by depression of tone and 
rhythmicity Marked depression was produced by 
0.5 & 10° essential oil, 0.2 alkaloid, and 
2.5-5.0 mg./ml. of the alcoholic extract Atropine 
slightly modified the rhythmicity but the action on 
The spasmogenic effects 
ind barium chloride 


tone remained unaffected 
of acetylcholine, histamine, 
were antagonized by the drug, as shown in Figs 
2 and 3 rhe antagonistic actions of the essential 
oil and the alkaloid are shown in Table I 

Isolated Uterus..-The uterus responded to the 
drug in the same way as the isolated intestine but 
comparatively at a higher dose level 

Respiration. — Th« 
tion and depression of amplitude and rate of respira- 


drug induced bronchodilata- 


ESSENTIAL OIL, AND ALKALOIDAL FrRacTIONS OF S. lappa 
AND HISTAMINE INDUCED BRONCHOSPASM 


Percentage 
Antagon’sm 


Constriction 
Histamine Hist 
0 +16 23.9 
6 +5 2.0 
-.0 
+-t} 
+3 
+16 
+3 


Drug 


+15.: 


| 
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Increase 
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tion, particularly the former. The effect was 
blocked by previous atropinization, but not by 
antihistaminics 

Of the various fractions, the essential oil was 
comparatively more potent and produced significant 
action even in dose of 15 X 10°' to3 X 10°73 
mg./Kg. See Fig. 4 

Isolated Tracheal Chain.—-The different fractions 
relaxed the tracheal chain and antagonized acetyl 
choline and histamine induced bronchospasm as 
shown in Fig. 5 and Table II 

Lung Perfusion. As in the case of tracheal chain 
studies, various fractions of S. lappa produced 
bronchodilatation and antagonized the action of 
histamine and acetylcholine, as shown in Table III. 


SUMMARY AND CONCLUSIONS 


1. The chemical analysis of S. lappa re 
vealed the presence of reducing sugars, tannins, 
resins, 1.39 per cent of essential oil, and 0.05 
per cent of alkaloids 

2. Small doses of the aqueous and alcoholic 
extracts raised blood pressure in normotensive 
dogs and stimulated dog heart i” situ 


Biogenesis of the Clavine-Type Ergot Alkaloids 


By ELMORE H. TAYLOR? and EGIL RAMSTAD 


Mevalonic acid-2-C'* fed to saprophytic cultures of ergot, strain 47 A, gave rise, 
within two weeks, to radioactive penniclavine, elymoclavine, setoclavine, and agro- 


681 


3. Essential oil stimulated the heart itm sttu 
in low concentrations but depressed it in higher 
doses 

+. Relaxation of plain muscles of rat's in- 
testine and uterus with antagonism to the spasmo- 
genic action of acetylcholine and histamine was 
observed with all the fractions 

5. Marked bronchodilator action in isolated 
tracheal chain and guinea pig lung perfusion ex 
periments was elicited with all the fractions, 
which also effectively antagonized the experi 
mentally induced bronchoconstriction 

6. The maximum response was obtained with 
the alkaloid, though compared to epinephrine, 
the effect was much inferior 
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clavine. The radiolable also entered lipidic materials and a pigment, but not the 
amino acids. The specific activities of elymoclavine and agroclavine were identical 
for each pair isolated from different cultures, a fact that might be ap» ty to mean 


that they have a common biogenetic pathway, at least to the stage of t 
skeleton. 


le ANOTHER REPORT (1) we have demonstrated 

that saprophytic cultures of Claviceps pur 
purea, strain PRL 1578, uses mevalonic acid as 
a precursor in the formation of its alkaloids 
Mevalonic acid-2-C"™ fed to the growing fungus 
renders the alkaloids strongly radioactive. Upon 
alkaline hydrolysis of the peptidic alkaloids, 
the resulting amino acids are devoid of radio 
activity, all of which resides in the lysergic acid 
portion 

Having shown that mevalonic acid serves as a 

Received June 5, 1960, from the School of Pharmacy, Pur 
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e final carbon 


precursor fer lysergic acid, we considered it im- 


portant to investigate also if this metabolite is 
involved in the formation of the clavine-type 
ergot alkaloids. This became possible when we 
received from Varro E. Tyler, University of 
Washington, ergot strain 47 A, which produces 
abundant quantities of clavine-type alkaloids in 
saprophytic cultures 

Suggestions that mevalonic acids might be a 
precursor of ergot alkaloids have already ap- 
peared in the literature (2-4). An experiment 
by Gréger (5), who added mevalonic acid to 
saprophytic cultures of ergot, failed to settle the 
question as the increase in yield of alkaloids was 
too small to allow a conclusion for or against. 
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As our investigation was completed, Birch, et 
al. (6), and Gréger, et al. (7), published the results 
of their investigations, which had been carried 
out independently and simultaneously with ours 
We had used a different strain of ergot and als 
taken a somewhat different experimental ap 
proach, but, as this paper shows, our results cor 
roborate their works 


EXPERIMENTAL 


Materials.——Ergot, strain 47 A; originally isolated 
from ergot grown on Pennisetum typhoideum and 
obtained from French Equatorial Africa by A. E 
Schwarting, University of Connecticut (8 It 
produces elymoclavine and agroclavine as its princi 
pal alkaloids, but penniclavine and setoclavine also 
occurred in our cultures 

dl-Mevalonic acid-2-C'', in the form of phenyl 
ethylenediamine salt, from Tracerlab Inc.; specific 
activity: 2.45 me./mM; radiochemically pure 

Whatman chromatographic paper No. | 

Kodak no-screen X-ray film 

Beckman spectrophotometer 

Packard automatic Tri-Carb liquid scintillation 

spectrometer (9) 
Authentic clavine alkaloids from A. Hofmann, 
Sandoz Ltd., Basel 

Cultivation.—-Growth flasks of 125-ml. capacity 
were seeded with a constant quantity of one and the 
same fungus suspension. Each flask contained 
40 mil. of the following sterile medium: glucose 1°>, 
yeast extract 1°), L-tryptophan 0.05°,, dissolved in 
water Although the yveast extract contains an 
abundant quantity of a complex mixture of inorganic 
ions (total 15°)), tap water was used in accordance 
with the procedures of Abe (10) and Taber and 
Vining (11), who both recorded better yields of 
ilkaloids under these conditions. The seeded flasks 
were left stationary in the dark at 25 After a 
growth period of sixteen days, 2 to 4 wc. of dl 
mevalonic acid-2-C"*, dissolved in 1 ml. of distilled 
water, was added to the nutrient medium and the 
fungus allowed to grow for two weeks more 

Extraction, Separation, and Identification of the 
Clavine Alkaloids..-The medium was separated 
from the fungal mat by filtration, made alkaline 
with 3.N ammonium hydroxide, and extracted several 
times in a separatory funnel with a mixture of chloro 


form and isopropanol (3:1). The mycelium was 
dried at 35° and defatted by extraction with 
petroleum ether The alkaloids were extracted with 


ammoniacal diethyl ether. The alkaloidal extracts 
were evaporated and the individual residues from 
each flask dissolved in chloroform plus isopropanol 
(3:1) in volumetric flasks 

For purposes of identification, spottings were made 
from these solutions on chromatographic paper and 
the strips chromatographed descendingly: (I) non 
treated paper, in butanol-—acetic acid—water (4:1:1); 
(II) Mellvain's buffered paper (8), in water-satu 
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rated butanol; and (III) formamide-impregnated 
paper (12), in benzene-pyridine (6:1) 

Strips were cut from the chromatograms, and in 
spected under ultraviolet light for presence of fluores- 
centareas. These areas were marked off with pencil 
and the strip then dipped for identification in di 
methylaminobenzaldehyde reagent, Ehrlich’s reagent 
for indole compounds(13). In addition, the identity 
of the alkaloids were revealed also by the nature of 
the color given with the Ehrlich reagent 
Another strip from each chromatogram was placed 
on X-ray film for two weeks. The locations of the 
fluorescent zones and the Ehrlich-positive zones of 
each chromatogram were then compared with the 
locations of the dark areas on the autoradiograms 

Estimation of Alkaloids and Determination of 
Specific Activity.—Aliquots of the total crude- 
alkaloid fractions were used for determination of 
alkaloid content according to the procedure of Taber 
and Vining (11) by dissolving the alkaloids, evapo- 
rated under vacuum, in 3 ml. of 0.2 N sulfuric acid, 
adding 6 ml. of dimethylaminobenzaldehyde T.S 
(B. P.), allowing one hour for color development, 
and, then, measuring absorbance at 550 my 
Ergometrine was used as the reference standard for 
crude alkaloid mixtures 

In order to determine specific activity, of the al 
kaloids, aliquots of the eluted spots or streaks of 
agroclavine were assayed as in the determination of 
total alkaloid using pure agroclavine, as a standard. 
In the same way elymoclavine was determined us- 
ing pure elymoclavine as a standard. Other ali 
quots, amounting to 2,000 to 7,000 c. p. m., were 
evaporated and dissolved in toluene and counted in 
a scintillation counter. Penniclavine and setocla 
vine cannot be determined by this method 


Specific Activities of Alkaloids from a 
Single Culture 
Alkaloid c.p.m./mM 
Agroclavine 2.94 x 1 
Elymoclavine 2.94 * 10° 


From medium: 
From fungal mat Agroclavine 2.47 X< 106 
Elymoclavine 2.47 10% 


Amino Acids..-The defatted mycelium was ex- 
tracted with 60°; alcohol, the extract concentrated 
by evaporation, freed of alkaloids, then passed 
through a column of Amberlite IR-120 (H). The 
column was washed with distilled water (‘‘wash 
ings’), then eluted with 2 N ammonium hydroxide 
The eluate was evaporated. The residue had no 
radioactivity It was chromatographed on paper 
with solvent system 1, and 20 amino acids de- 
tected by spraying with ninhydrin spray reagent 

Pigments.—The radioactive ‘‘washings’’ above 
were concentrated, spotted on paper and chromato- 
graphed, and the chromatographs put on X-ray 
film. The darkened areas on the autoradiograms 
corresponded in location exactly to that of the water- 
soluble brown pigment and to that of noncon- 
verted mevalonic acid on the chromatograms 


Ry Values V. Color 
Alkaloid I I! Ill in Light Color with Ehrlich Reagent 
Penniclavine 0.41 0.22 0.10 Brilliant blue Purple-blue, turning green 
Elymoclavine 0.54 O31 0.16 None Purple-blue 
Setoclavine 0.61 0.48 0.48 Brilliant blue Purple-blue, turning yellow-brown 
Agroclavine 0.72 0.57 None Purple-blue 
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DISCUSSION AND SUMMARY 


In our experiments, from 0.51 to 218°) of the 
radioactivity of mevalonic acid-2-C'™ entered the 
ikaloid fraction of ergot strain 47 A when it was 
cultivated in stationary saprophytic cultures. Stig 
Agurell in this laboratory has since obtained incor 
porations amounting to 6-7, of added radioactivity 
(private specific activities 
of agroclavine and of elymoclavine, from any one 
culture, were always identical and of the order of 
17X10 to 11.4X10 ¢p.m./mM 

\lso penniclavine and setoclavine were strongly 
radioactive, but their activities were not 
determined 

Without an accurate determination of the dis 
tribution of the radioactivity within the molecules 
of the alkaloids, it cannot be concluded with absolute 
certainty that the isoprenoid portion of mevalonic 
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acid is incorporated in toto into the ergot alkaloids 
There are, however, indirect evidences in support 
of the hypothesis. Thus, we found no indication of 
the label from mevalonic acid having entered respira 
One would have expected to find 
the label in metabolites of pathways had 
acid broken down metabolically Nor 
could any radioactivity be found in the amino acids 
The only labeled materials besides alkaloids and non- 
transformed mevalonic acid was a pigment and the 
lipidic fraction. The latter is rich in ergosterol, 
which is known to form from mevalonic acid (14) 
The mechanism of the condensation leading from 
tryptophan and mevalonic acid to ergot alkaloids 
can only be guessed at. One would expect that a 
similar mechanism is operating as demonstrated by 
Lynen, ef al. (15), for the biogenesis of farnesol, the 
precursor of sterols; that is, di phosphorylation of 
mevalonic acid, decarboxylation, and dehydration, 
to form isopentenyl pyrophosphate, which, in turn, 
would condense with tryptophan or a derivative of 
it. Baxter, et al. (16), have shown that 5-hydroxy 
unlikely intermediate in the 


tory pathways 
these 
mevalonk 


tryptophan is an 
process 
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Validity of Approximate Methods for Estimating 
Isotonicity Values 


By F. M. GOYAN, L. D. TUCK, and P. L. TAYLORt 


Approximate methods for estimating isotonicity values are discussed and refined. 
These approximations are compared with the work of Hammarlund and Pedersen- 
Bjergaard and with measurements made by the method of Ballard and Goyan, with 
and without correction for the retention of ice, by using electric conductance to 
estimate concentration change. There is good agreement, within the limits of ac- 


curacy needed for most pharmaceutical pu 


rposes, between the various measurements 


and estimated values. 


VALUES may be determined] by 
freezing point measurements and recalculated 
as osmotically equivalent weights or percentages 
of sodium chloride. These values are not to be 
confused with true isotonic concentrations which 
are defined in terms of specific biological systems 
(1) 

Preparations made according to calculations 
based on isotonicity values, however precise, 
mav or may not be isotonic in the biological sense, 
depending upon the living membrane involved 
and on the chemical as well as the colligative 
properties of the solutes. This fact introduces 
an element of uncertainty, but should not dis 
courage the use of calculations based on colliga- 
tive properties (2) where the intended use of the 
solution is such that it will not significantly 
modify blood plasma, and where experience in 
dicates that similar preparations have proved 
to be satisfactory 

Neglecting the problems which should be stud- 
ied from a biological rather than a physicochemi 
cal point of view, there is still a considerable ele 
ment of approximation allowable in calculating 
isotonicity values. For many years a value of 1.4 
per cent sodium chloride was recommended and 
accepted for ophthalmic preparations and may be 
regarded as near the upper limit of the safe range 
(0.7-1.5 per cent sodium chloride) (5 rhe value 
of 0.9 per cent sodium chloride is the nominal 
value generally recommended because it lies well 
within the safe range and agrees with precise de 
terminations made on lacrimal fluid (4 It is 
reasonable to assume that the tolerance allowed 
by the U. S. P. (0.85-).95 per cent sodium chlo- 
ride) (5) is conservative from the standpoint of 
practical need. This is certainly true for oph- 
thalmic preparations 

Although high precision is not required, it 1s 
necessary to make reasonable assumptions in 
selecting isotonicity values for various com- 
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pounds. It may be assumed that the colligative 
property used as a basis for calculation should be 
measured at an isotonicity value of 0.9 per cent 
sodium chloride. This is reasonable because of 
the fact that sodium chloride or other salts 
added in the adjustment contributes significantly 
to the ionic strength of the final solution (6). 
Others have ignored this assumption and instead 
have assumed that each component is unaffected 
by ionic strength of the final mixture (7). The 
present work shows that neither assumption is 
entirely valid, the former being preferable for 
typical electrolytes and the latter for substances 
that show abnormally low isotonicity values at 
the higher concentrations. 

Some of these atypical compounds are dis- 
played in Table I which includes uni-univalent 
electrolytes estimated from type in earlier work 
(8) before the appearance of the results of 
laboratory measurements. Although procaine 
hydrochloride was originally published with a 
value derived from laboratory work, the value 
which would have been assigned to it as a typical 
electrolyte is included for comparison with re- 
sults shown in Table V. 


rasLe I COMPARISON OF CHLORIDES OF THE 
NaCl Type 


Mol 
wt E = E (measured)¢@ 
Substance M) 58/M Concn 1% 
Dibucaine HCl 380 0.15 0.08? 0.13 
Diphenhydramine 
HCl 292 0.20 0.17? 0.28 
Ethylhydrocupreine 
HCl 377 0.15 0.09?) 0.17 
Methacholine 
chloride 196 0.30 0.28 0.32 
Morphine HCl 
(3H,O 376 0.15 0.14 0.15 
Naphazoline HCl 247 0.23 0.22 0.27 
Phenylephrine HCl! 204 0.28 0.305 0.32 
Piperocaine HCl 298 0.19 0.17’ 0.21 
Procaine HCl 273 0.21 0.18 0.21 
Tetracaine HCl 301 0.19 0.12? 0.18 


@ EF, Sodium chloride equivalent at isotonic concentration 
or as noted under “Concentration” and at a 1% concentra 
tion. Values obtained from the work of Hammarlund and 
Pedersen-Bjergaard (7). ®5% ¢3% Where isotonic con- 
centrations were not given. 
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TABLE I1.—-COMPARISON OF OTHER SALTS OF THE 
NaCl Type 


measured )@ 


Mol 
wt E = Iso- 
Substance (M) 58/M tonic 1% 

Hydroxyampheta 

mine HBr 232 0.25 0.24 () 26 
Neostigmine bromide 305 0.19 0.19" 0.22 
Physostigmine 

salicylate $13 0.14 0.16 
Pilocarpine nitrate 27 0.21 0.20 0.23 
Sodium biphosphate 

42 0.37 0.40 
Sodium bisulfite 104 0.56 0.60 0.61 
Sulfadiazine sodium 272 0.21 0.21 0.24 
Sulfamerazine 

sodium 286 «60.20. 0.20 0.23 
Sulfathiazole 

sodium 304 0.19 O.19 0.22 


a FE, Sodium chloride equivalent at isotonic concentration 
or as noted under Isotonic’’ and at a 1°) concentration 
Values obtained from the work of Hammarlund and Peder 
sen-Bjergaard (7). ® 3% Instead of isotonic 


It will be noted from Table I that the estimated 
value could be used in place of the 1 per cent con- 
centration value without serious error. Table 
II shows electrolytes of the same type that seem 
to behave more typically. Table III deals with 
the sodium sulfate type of electrolyte. 

In Table III it will be noted that butacaine sul- 
fate shows atypical change with concentration. 
Other values seem to be in fair agreement with 
what might be expected of typical electrolytes of 
this type. Table IV includes a miscellaneous 
group of compounds. The hydrates are included 
to show the order of precision of the measure 
ments. Ideally, columns 3 and 4 should show 
consistent differences within each group of 
hydrates of the same substance 


PRACTICAL CALCULATIONS 


A calculation of the weight of sodium chloride to 
be added to 100 ml. of a 1% solution of dibucaine 
hydrochloride shown in Table I would take the 
form: 


0.90 — 0.13 0.77 Gm. NaCl/100 ml 


Assuming this to be correct, the isotonicity value 
of the resulting solution would be 0.90°) sodium 
chloride by definition. Should the calculator 
take the estimated value shown in Table I, he would 
add 0.02 Gm. of sodium chloride less than before 
Had he chosen the 0.08 value, he would have added 
0.05 Gm. more than the assumed correct amount 
This would have resulted in isotonicity values of 
0.88 and 0.95, respectively The error would have 
doubled for a 2°) solution, ete Considering the 
wide tolerances mentioned above, even this example 
indicates that the estimated values could be used 
with confidence in practically every case, barring 
some unforeseen interactions in the final solution. 
This conclusion in no way detracts from the 
practical importance of laboratory measurements 
in selecting suitable isotonicity values. The atypi- 
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TABLE II],—-CoMPARISON OF SALTS OF THE Na,SO, 


TYPE 
Mol E (measured)¢ 
wt E Iso 
Substance (M) 73/M tonic 1% 
Atropine sulfate 695 0.10 0.10 0.13 
Butacaine sulfate 60.100 0.20 
Ephedrine sulfate 29) 60.17) 0.20 0.23 


Morphine sulfate 14 


Physostigmine 


sulfate 648 0.11 0.12 0.138 
Sodium sulfate 
(10 HO) 322 0.23 0.23 0.26 


Sodium sulfite 126 0.57 0.65 


a E, Sodium chloride equivalent at isotonic concentration 


or as noted under “Isotonic’’ and at a 1°) concentration 
Values obtained from the work of Hammarlund and Pedersen- 
Byergaard (7) 5% Instead of isotonic 


TABLE I\ COMPARISON OF SEVERAL DIFFERENT 
SUBSTANCES 


Mol (measured)¢ 


wt Iso 
Substance (M) tonic 1% 
Dextrose- Boric 
Acid Type E 32/M 
Chlorbutanol 177 0.18 0.24 
Urea 60 0.53 0.55 0.59 
Zinc Sulfate Type E 34/M 
Zinc sulfate 
(7 H,O) 288 0.11 0.12 0.15 
Cupric sulfate 
(5 H.O) 250 0.14 0.13 0.18 
Cupric sulfate 
(anhyd. ) 160 0.21 0.22 0.27 
Calcium Chloride 
Type E 82/M 
Calcium chloride 
(2 H,O 147 0.56 0.538 0.51 
Calcium chloride 
(6 H.O) 219 0.36 0.35 
Calcium chloride 
(anhyd. ) 111 0.74 0.69 0.68 
Sodium Citrate 
Type E 88/M 
Sodium citrate 
(2 H,O 204 0.30 0.30 0.31 
Aluminum Chloride 
Type E 102/M 


@ FE. Sodium chloride equivalent at isotonic concentration 
or as noted under “ Isotonic and at a 1° concentration 
Values obtained from the work of Hammarlund and Pedersen 


Bjergaard (7) 


cal behavior of some of the salts could not have 
been predicted on the basis of simple theory How- 
ever, it should not be assumed that exact data for 
all of the individual components of a mixture 
measured separately can be used to predict proper 
ties of the mixture with the same degree of accuracy 


EXPERIMENTAL 


With the idea of checking a few of these points, 
one of the authors developed a conductivity method 
for correcting the results obtained with a simple 


ve 
at 
"gh 
a 
ay 
\ 


\ MEASURED IsoToNIciry VALUES 


Cak 
lated Measured af 

NaCl, 04 70 0.72 
NaCl, 0.9 oO oO) oo 
NaeSO,, 1.2 135 1.33 130 
ZnSO,, 1 15 16 “15 
ZnSO, 0 0.93 0.97 0.93 
Procaine HCl, 1 0.18 0.21 0.25 0.22 
Procaine HCl, 0.90) 0.95 0.96 0.95 
Procaine HCl, O.90 0.95 0.92 


4@ Calculated according to Szekely, Goyan, and Hind (5S 


> Calculated according to Hammarlund and Pedersen 
Bjergaard (7 Calculated from freezing point lowering 
d Column (4) corrected by the conductance method Plus 


odium chloride 


isotonicity meter (9, 10 Visual observation ts re 
quired to minimize errors due to concentrating the 
solution at the time of reading as a result of re 
taining a significant amount of solvent water m the 
form of ice However, it was felt that visual ob- 
servation alone placed too much dependence on the 


subjective judgment of the operator, leading to an 
uncertainty in the hundredths place in per cent 
sodium chloride 

The method consists in measuring the resistance 
of a conductivity cell containing the solution under 
study before freezing and comparing this resistance 
value with that of the cell filled with a sample of 
the same solution drawn from the freezing com 
partment of the tsotomicity meter immediately fol 
lowing a reading. The sample was withdrawn 
with a pipet equipped with a tuft of glass wool 
secured around its tip to prevent drawing in solid 
Ice Both samples were brought to 25° in a con- 
stant temperature water bath before making the re 
sistance measurements \ precision a.-c. bridge 
powered from a 1,000-evecle oscillator was used 

It can be shown that for small changes in concen- 
tration of electrolytes, concentration is inversely 
proportional to resistance within the limit of ac 
curacy required for the work. Routine visual in 
spection of the freezing compartment of the 1so 
tonicity meter elimmates excessive concentration 
changes due to the formation of ice and permits the 
use of the equation 


E E\(R\/R 


F, is the isotonicity value read directly or calculated 
from the freezing point, and E> is the corrected 
value. R; and R, are the resistances of the solution 
in equilibrium with ice and of the original solution, 
respectively 


RESULTS 


Table V shows the results of measurements made 
on a few solutions by this method hese data are 
presented for the purpose of illustrating typical 
measurements. It is expected that unpurified com- 
mercial samples will differ slightly in physical prop 
erties No claim is made for instrumental accuracy 
greater than 0.02°, sodium chloride, nor is it pos 
sible to make entirely valid corrections based on 
readings with sodium chloride solutions because 
the instrument was used from time to time by 
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others during the course of the work. However, 
the conductivity method for correcting tor tice re 
tention was found to be reproducible to better than 
sodium chloride 

Table V shows that within the accuracy demanded 
in practice, the caleulations and measurements 
iNustrated are adequate It is interesting to note 
that the estimated value shown in Table | for pro 
caine hydrochloride agrees exactly with that used 


to calculate column 3 It is also interesting that 


f sodium 
sulfite and sedium chloride falls between the two 
calculated values 


the measured value for the mixture 


THEORETICAL 


\ study of electrolytes of the sodium chloride 
tvpe shows that the variation of the osmotic 
coefficient and hence of the parameter, 58, used in 
Table I is related to mean ionic radius. This 
parameter is derived from the equation (11) 


E 17 L/M 


E is the sodium chloride equivalent, L is an average 
molal freezing point depression chosen as 3.4 by 
taking the average L values for several typical salts 
at concentrations corresponding to an isotomicity 
value of 0.9°) sodium chloride. Assuming tonic 
radii to range from zero to infinity, L values for 
members of this group of electrolytes would vary 
from 3.0 to 3.7. Except for the nitrates which fall 
near 3.1, reasonable estimates of ionic radius estab 
lish a theoretical range of L from 3.3 to 3.6 (12). 
Other electrolyte types vield to the same general 
treatment with greater complications 

There seems to be no practical reason to refine the 
methods for estimating isotonicity values rheo 
retical considerations are important, however, in 
understanding the results of freezing poimt meas 
urements, especially when compounds of the type 
shown in Table I are encountered 


CONCLUSIONS 


Because of the fact that high accuracy is not 
required, previously published estimates of 
isotonicity values compare favorably with values 
calculated from more recent measurements. As 
sumptions concerning mixtures are not entirely 
valid. Solutions containing two or more solutes 
require further study 
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Studies of Luffa echinata U1 


The Oil and the Saponin 


By M. L. KHORANA and K. H. RAISINGHANI 


The oil of the fruits of Laffa echinata Roxb. is found to deposit the hydrocarbon, 


hentriacontane, Cy, 


it gave hederagenin. 
method gave oleanolic acid. 


among the sugars present. They 


_ Saponin has been isolated in partially purified form, and 
the sapogenin is identified as gypsogenin. 


On reduction with sodium borohydride 


Reduction of its methyl ester by a modified Wolff-Kishner 
Glucose, rhamnose, and xylose have been identified 
seem 


to occur in the molecular ratio of 


glucose-xylose-rhamnose 3:2: 1. 


ECHINATA Roxb., family Cucurbitaceae, 


is a plant commonly used in India as a 


medicine (1). Various therapeutic properties 


have been attributed to this drug (1, 2 Some 


studies on the oil (3, 4), an ether extract contain 


ing cucurbitacins (5), and a saponin with di 
uretic activity (6, 7) have been reported earlier 
lhe present work reports further studies on the 
oil and the saponin 

Hentriacontane has been isolated from the oil 
obtained by the extraction of the fruits with 
petroleum ether and identified by mixed melting 
point 

rhe saponin could not be obtained in pure or 
crystalline form. However, partially purified 
saponin, when hydrolyzed with 5 per cent hydro 
chloric acid, gave gypsogenin and a mixture of 
sugars 

The aglucone (gypsogenin) melted at 268 


449° after sintering at 240 It gave a positive 
test with Liebermann-Burchard reagent and with 
commercial thionvl chloride. Elemental analysis 
and molecular weight determination showed it to 
be CapH 


hydroxvl, 


Infrared spectra showed it to con 


tain carboxyl, and carbonyl groups 
(absorption at 2.9, 5.8, and 5.9u 

Reduction of the methyl ester of the aglucone 
bv a modified Wolff-Kishner method (S) 


confirmed by 


gave 
oleanolic acid mixed melting 
point and infrared spectra as well as mixed melt- 
ing points of the esters 

Reduction of the aglucone with sodium boro 
hvdride gave hederagenin, which was confirmed 
by mixed melting points 

lo identify the sugais present in the glycoside, 
the aglycone was removed from the hydrolysate, 
and the filtrate, after neutralization with barium 


carbonate, was chromatographed using n-butanol, 
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acetic acid, water mixture (4:1:5) for develop 


ment. Staining with aniline hydrogen phthalate 
showed the presence of glucose, xylose, and rham 
nose. Quantitative estimation by the modified 
Somogyi procedure (9, 10) showed the respective 


sugars to be present in the ratio of 3:2: 1 


EXPERIMENTAL 


Extractives.._ Luffa echinata fruits obtained from 
the local market and pharmacognostically identified 
were powdered to 16 mesh 
(9 Kg 
with petroleum ether (60-80 ether, and alcohol 
(70% Removal of the solvent from the extracts, 
using vacuum when gave the extrac 
tives petroleum ether 4.0°,, ether 0.3%), alcohol 
3.0% 

The Oil. The oil, obtained by evaporation of 
petroleum ether, on keeping for three months at 
room temperature deposited 
which after 


rhe powdered drug 
was exhausted by percolation, successively, 


necessary, 


a greenish oily solid, 
decantation, washing 
with petroleum ether, and two crystallizations from 
petroleum ether, gave a compound, m. p. 66-68°, 
vield 0) mg 


separation by 


Further vields of the compound were obtained by 
pouring the mother liquor from the crystallization 
over an alumina column (60 Gm.) and eluting with 
three 100-ml. portions of petroleum ether, Frac 
tions two and three gave a compound melting at 
68-69°; total vield 1.2Gm._ This as well as product 
obtained by crystallization were identified as hen 
triacontane, CyHe, by mixed melting point, 68° 
The authentic sample of hentriacontane was ob 
tained from Citrullus colocynthis (11) 

Isolation of Saponin.—-Alcohol (70; ) was used 
to exhaust the marc left after the ether extraction 
The solvent was removed, and the green color was 
extracted from 200 Gm. of the residual (270 Gm.) 
by refluxing it four times, each time with 1 L. of 
absolute alcohol for two hours. The residue was 
dissolved by refluxing in 70°, alcohol and precipi 
tated with ether. On repeating treatment 
seven times, a vellow amorphous precipitate which 
turned yellowish brown to brown on standing was 
obtained; yield 165 Gm Phe product which dark 
ened at 160 225-230)" 
ferred to as “partially purified saponin.” 

The Sapogenin...When the partially purified 
saponin (80 Gm.) was refluxed with 5°; alcoholic 
hydrochloric acid for four hours on a water bath, 


this 


ind decomposed at is re 
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a dark brown precipitate of sapogenin separated 
After removing the alcohol under partial vacuum, 
the residual liquor was diluted with water and the 
crude sapogenin that precipitated after being fil 
tered and washed with water was dark brown in 
color; yield 0.19% When the crude sapogenin 
was repeatedly extracted with ether (5 75 ml.) 
and the combined extracts shaken with 5°, aqueous 
potassium hydroxide, a yellow, semisolid precip! 
tate of potassium salt separated in the aqueous layer 
The precipitate, collected on a sintered-glass funnel, 
was transferred to a flask, covered with ether, and 
decomposed with dilute hydrochloric acid rhe 
separated ethereal layer was washed with water tll 
free from acid, dried over exsice ited sodium sulfate, 
and treated with Norite 
on evaporation of the ether, was a white amorphous 
powder; yield, 0.037 it sintered at 240°, melted 
at 264-268° ; la +91.08° (in ethanol 

rhe white amorphous powder (1.1 Gm.), dissolved 
in 25 ml. of chloroform, was adsorbed on an alumina 
column and eluted first with 100 ml. of chloroform 
(fraction 1), then with two 100-ml. portions of 
chloroform-ethanol mixture (95:5) (fractions I] and 
111), and finally with 100 ml. of absolute alcohol 
(fraction I\ Fraction I gave a product melting 
below 200 The residues from fractions II, III, 
and IV, m. p. 268-271°, total yield 750 mg., were 
mixed and recrystallized from aqueous methanol, to 


rhe sapogenin obtained 


43 


obtain a compound melting at 268-269", |al;, 
+90.98° (in ethanol), vield, 200 mg 

Anal Caled. for CaxHwO.: C, 76.55; H, 9.85 
Found C, 76.4; H, 9.95 

Reaction of the compound with Liebermann- 
Burchard reagent as well as with commercial thionyl 
chloride gave a red-violet color changing to brown 
Infrared spectra of the compound in Nujol, sodium 
chloride prism, showed absorption in the region of 
29, 5.8, and 5.9, indicating the presence of hy- 
droxy, carbonyl, and carboxyl groups 


Vethyl Ester of the Sapogenin.—Other methylating 
agents having failed, the carboxyl group was methyl 
ated with ethereal diazomethane Diazomethane 
in ether (400 ml.) was added to 650 mg. of sapogenin 
dissolved in 350 ml. of sodium-dried ether After 
allowing the solution to stand for five hours, the 
ether and excess diazomethane were distilled off 
Recrystallization from aqueous methanol gave 
white microscopic needles (620 mg.), m. p. 184 
185 

Reduction of the Ester Reduction of the methyl 
ester (500 mg.) by the Wolff-Kishner method modi 
fied by Huang-Minlon for steroids gave a com 
pound, which on recrystallization from methanol, 
melted at 302-303°, +78.42° (in chloroform 
vield, 180 mg. It was identified as oleanolic acid 
by mixed melting point with an authentic sample 
and by its infrared spectra 

Reduction of the Sapogenin.—To 50 mg. of the 
sapogenin in 20 ml. of methanol was added 1 ml. of 
2 N sodium hydroxide solution, the solution was 
cooled and 10 mg. of sodium borohydride in 10 ml 


of methanol was added. The mixture was kept 
in an ice bath for fifty hours and then allowed to 
come to room temperature. Dilute sulfuric acid 
was added to decompose the excess of sodium boro- 
hydride. The filtered and washed precipitate 
crystallized from aqueous methanol as colorless 


prisms, yield 22 mg., m. p. 328-330 (decompn. ); 
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mixed m. p. with an authentic sample of hederage- 
nin, 330-331°. The methyl ester prepared with 
ethereal diazomethane gave m. p. 239-241° and 
mixed m. p. with an authentic sample, 238-240°.' 

Sugars of the Saponin.—-To avoid sugar loss dur- 
ing hydrolysis, the saponin (10 Gm.) was only par- 
tially hydrolyzed by refluxing for three and one- 
half hours with 5°, alcoholic sulfuric acid. Alcohol 
was removed under vacuum and the residue diluted 
with water to precipitate the sapogenin. The fil 
trate was neutralized with barium carbonate, centri 
fuged in tubes for thirty minutes, and the decanted 
solution, being still acidic, was again neutralized 
with barium carbonate (Congo red) and centrifuged 

Qualitative Paper Chromatography.— Spots of the 
hydrolysate on Whatman No. | filter paper (10 & 19 
inches) were developed by the descending method, 
with m-butanol-acetic acid-water (4:1:5 upper 
phase) for fourteen hours. The chromatogram was 
dried at room temperature for six hours and sprayed 
with aniline hydrogen phthalate in n-butanol satur 
ated with water. On drying the chromatogram at 
110° for two minutes, three brown spots and one 
pink spot were revealed 

Cochromatographing with authentic samples 
showed that the sugars in the hydrolysate were 
glucose, xylose, and rhamnose; their Ry values, 
average of three observations, are rep wted in Table 
1 along with those of authentic samples of the 
sugars. 


TABLE I RELATIVE Ry VALUES OF SUGARS 


Authentic 


Hydrolysate Sample Reported 
Sugar 30 +2 30 2 at 20 
Glucose 0.19 0.19 0.18 
Xvlose 0.29 0.29 0.28 
Rhamnose 0.37 0.37 0.37 
Fourth spot® 0.51 


@ The fourth spot did not reduce Fehling's solution 


Relative Proportion of Sugars. The technique 
of Somogyi (9), extended by Flood, Hirst, and 
Jones (10) for synthetics and hydrolyzed poly 
saccharides of plant extracts was followed. The 
same solution of the hydrolysate as used in quali 
tative work was used for quantitative estimation 
Two Whatman filter papers ( No. 1, 10 & 19 inches) 
were spotted at intervals of 2 inches with a fine 
capillary, delivering solutions of the order of 0.1 ml.; 
the spots were 4 inches from the end of the paper 
The chromatogram was developed as previously 
described. With the help of one strip cut from the 
main sheet and sprayed with aniline hydrogen 
phthaiate, positions of the sugars on the unsprayed 
chromatograms were marked and cut out. Similar 
pieces cut from fresh paper served as blanks. Each 
cut piece was extracted three times with small 
quantities of water at 80° and the extract made up 
to5ml. Solutions of known sugars (0.1 mg. sugar in 
5 ml. of distilled water) taken in similar bottles were 
used as standards. Addition of the reagents and 
other treatment of bottles was done as per standard 
procedure (Somogyi, Joc. cit.). The iodine liberated 
was titrated against 0.01 N sodium thiosulfate, 


Thanks are due to Prof. D. H. R. Barton for authentic 
samples of hederagenin and its methyl ester. 
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using starch indicator. Average results of two 
readings showed that the molecular proportion of 
glucose-xylose-rhamnose was 2.92:1.95:1 which 
may be taken as 3:2:1 
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Investigation of the Free Amino Acids 
and Amanita Toxins in Amanita Species 
By P. CATALFOMO and V. E. TYLER, Jr. 


Chromatographic determination of the free amino acid content of numerous collec- 
tions of several species of the genus Amanita and the closely related genus Vaginata 
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revealed the presence of several amino acids that were common to all species. Dif- 
ferences in amino acid patterns were due to the presence or absence of proline, phen- 
ylalanine, and y-aminobutyric acid or the occurrence of several unidentified ninhy- 
drin-positive spots. The applicability of these data as an aid to the systematic classi- 
fication of mushrooms is considered. The same species were also examined for the 
presence of amanita toxins. No evidence for the presence of these toxins was found, 


T= GENUS .lmanita has been the subject of 

considerable physiological and chemical in 
vestigation. Interest in this genus may be 
attributed to the severe toxicity demonstrated 
by several of its species and the difficulties en 
countered in efforts to elucidate the chemical 
nature of the active constituents. The bulk 
of the chemical investigations conducted up to 
the present time have been concerned with the 
nature of the toxic agents in those members of 
the genus exhibiting the most pronounced physio 
logical actions. Especially significant were the 
findings of Wieland and Wieland (1) which 
established the presence of five toxic principles, 
designated amanita toxins, in Al. phalloides 
Block, ef al. (2), surveyed several genera of mush 
rooms, including thirteen species of -1manita, 
for the presence of amanita toxins. However, 
relatively little is known about the general chem 
ical composition of the members of the genus 

The occurrence in western Washington of a 
considerable number of species of .1mantta, 
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cine 


but bufotenine was detected chromatographically in A. porphyria. 


which for the most part had not been previously 


investigated, prompted the present study. The 
primary object of this investigation was to iden- 
tify the free amino acids contained in the various 
species of Amanita and the closely related genus 
Vaginata and to determine the occurrence or 
absence of amanita toxins in them. A secondary 
objective was to determine the applicability 
of these data in the systematic classification of 
these mushrooms. Considering that the charac 
teristics employed to distinguish between species 
of .lmanita and Vaginata, as described in the keys 
of Smith (3) and Singer (4), include spore size, 
the amyloid reaction, pileus color, the form of the 
volva, and the presence or absence of warts or 
annuli, all of which are variable and difficult to 
interpret on specimens of different ages, it is 
evident that species delineation is fraught with 
difficulty, and the establishment of more ab- 
solute characters is highly desirable. Data on 
chemical composition should be of considerable 
value as an objective criterion for the identifica- 
tion of Amanita species 


EXPERIMENTAL 
Amanita Species Examined.—All specimens of 


the naturally occurring carpophores used in this 
investigation were collected in western Washington 
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from the fall of 1957 through the spring of 1960, 
except for two collections. The latter include a 
collection of Amanita muscaria supplied through 
the courtesy of Prof. Alexander H. Smith, Depart 
ment of Botany, University of Michigan, and an 
herbarium sample of Amanita porphyria supplied 
through the courtesy of Prof. Daniel E. Stuntz, 
Department of Botany, University of Washington 
Prof. Stuntz also provided authoritative identifica 
tion of all the species examined in this investigation, 
which include 1. muscaria (Fr.) S. F. Gray, A 
pantherina (Fr.) Quélet, A. gemmata (Fr.) Gill., A 
calyptroderma Atkinson and Ballen, A. aspera (Ft 
Quélet, sensu Ricken, Lange, Rea and Konrad & 
Maublanc, A. porphyria (A. and §S. ex Fr.) Secr., 
silvicola Kauffman, Vaginata plumbea (Schaeffer 
ex Fr.) Murrill, V. divida S. F. Gray, and Vaginata 
sp. No. 6411 

All collections (Table 1) of fresh mushrooms were 
cleaned, sliced when necessary (the larger carpo 
phores), and dried in a forced-air drying oven at 
18° for at least seventy-two hours 


PABLe | DESCRIPTION AND TIME OF COLLECTION 
OF THE SPECIES INVESTIGATED 


Collec rime of 
tion Deserip Locality Collec 
Specie No tioned in Wash tion? 
A. muscaria l Mi West F 1959 
2 Am Mich 
State F 1959 
3 B Ovehut F 1959 
West F 1957 
1. pan 
therina 5 Ma Seattle F 1957 
6 B Olympia W 1958 
7 Ma Olympia W 1958 
Ma F 1959 
” Ma Tenino F 1959 
10 Ma renino S 1960 
1. gemmata 11 Ma Olympia W 1958 
12 Ma West F 1959 
13 I West F 1959 
14 Ma West 1958 
1050 
A. silvicola 15 Ma Elina I 1958 
16 I West F 1958 
17 Mi West S 1959 
18 Ma Hoquiam F 1957 
A. porphyria 19 Ma Ovehut F 1958 
20 Ma Seattle I 1937 
1. calyptro 
derma 21 I Olympia W 1958 
22 Ma Olympia W 1958 
23 Ma Olympia W 1959 
1. aspera 24 Ma Ovehut F 1959 
25 Ma Hoquiam F 1958 
Vaginata 
plumbea 2t Ma Olympia W 1958 
V. livida 27 Ma Olympia |! 959 
V sp No 
i411 28 Ma Olympia F 1959 
aAm var. Americana, B button stage, I imma 
ture, Ma mature, Mi mixture, ¥ yellow variety 
fall, S spring, W winter 


This number refers to an undescrinved species Similar 
specimens are located under this number in the Mycological 
Herbarium, Department of Botany, University of Washing 
ton 
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Preparation of Amino Acid Extracts.-A repre- 
sentative multicarpophore portion of each collection 
was finely powdered with a mortar and pestle. A 
2-Gm. quantity of each powder was placed in a 
Soxhlet apparatus and extracted with petroleum 
ether for eighteen hours. The mare was air dried 
and transferred to a 250-ml. Erlenmeyer flask to 
which was added 40 ml. of 50°, ethanol. The flask 
was placed on a laboratory shaking machine and 
agitated for twenty-four hours. The resulting 
slurry was suction-filtered through filter paper in a 
Biichner funnel, and the filtrate was concentrated to 
a thick syrupy liquid (approximately 1 ml.) in a 
flash evaporator under reduced pressure at 40 
The residue was redissolved in three successive 
l-ml. portions of 67°, ethanol and filtered into a 
small test tube. Three drops of chloroform were 
added as a preservative 

In order to ascertain whether or not the drying 
process emploved had an appreciable effect on the 
free amino acid composition of the mushrooms, an 
extract was prepared from fresh mushrooms. A 
10-Gm. quantity of fresh A. pantherina, equivalent 
to 2 Gm. of dried material (5), extracted with 40 
ml. of ethanol, would provide an extraction medium 
approximately equal in composition to that used 


in the initial procedure These quantities were 
placed into a Waring Blendor and reduced to a 
homogeneous mash. The mash was transferred to 


a 250-ml. Erlenmeyer flask which was placed on a 
laboratory shaking machine and agitated for twenty 
four hours The mash was then filtered through 
paper in a Biichner funnel, employing suction 
Subsequent treatment ot the filtrate followed the 
same procedures used with the dried material 

A third extraction procedure involved the ex 
traction of a 2-Gm. quantity of the dried mush 
rooms with 50 ml. of 70°, ethanol on a shaking 
machine for eighteen hours. The resulting mixture 
was filtered and the filtrate used directly for the 
subsequent chromatographic analyses 

In an attempt to determine if mushrooms of the 
same species collected in different localities or ex 
posed to varying environmental conditions would 
exhibit significant differences in their qualitative 
content of free amino acids, extracts of each separate 
collection were prepared. To eliminate the possi 
bility of contaminated collections, representative 
single carpophore samples of each species were sub 
jected to extraction procedures identical to those 
used for all collections examined 

Preparation of Amanita Toxin Extracts. Dried 
mushrooms were ground to a coarse powder with a 
mortar and pestle. A 25-Gm. quantity of the 
powder was placed in a 1-L. beaker, extracted with 
300 ml. of boiling methanol for two hours, and fur 
ther processed as described by Block, eft a 6 
rhe final residue was redissolved in three successive 
portions (2, 


2, and 1 ml.) of methanol These frac 
tions were combined, filtered, and the filtrate used 
in the subsequent chromatographic analyses. Fresh 
specimens of A. pantherina were treated in the same 
manner 

Chromatographic Procedures.—-Identification of 
the amino acids was accomplished by employing 
iscending two-dimensional paper partition chroma 
tography The extract was applied in 10-uL. por 
tions to sheets of Whatman No. | filter paper, 25 


em. on each side. The solvent system consisted of 


ag 
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a 71.7°% n-propanol in water solution which was 
used for formation in the first direction and an 
80°) phenol in water solution for the second direc- 
tion. Solutions of known amino acids which were 
chromatographed singly, in mixture, and in combi- 
nation with extracts were compared with chroma- 
tograms of extracts without additions. The amino 
acids were detected after spraying the sheets with a 
0.067 ©) ethanolic ninhydrin solution and heating the 
chromatograms with a heat gun 

The amino acid patterns prepared from multi- 
carpophore samples of all the collections of a single 
species were qualitatively identical. Extracts pre- 
pared from representative single carpophore speci- 
mens of each species exhibited amino acid patterns 
that were qualitatively identical to those exhibited 
by the individual multicarpophore collections of 
Results of this phase of the 
investigation are summarized in Table II. Each 
presented strikingly similar amino acid 
patterns The patterns of A. pantherina and A 
gemmata were identical. The observations 
were made regarding V. plumbea, V. livida, and V 
sp. No. 6411 

Amino acid patterns of extracts prepared from 
pantherina were identical to 
those obtained from extracts of dried samples of 


the respective species 
species 


same 


fresh carpophores of A 
this species. This evidence does not preclude dif- 
ferences that could possibly occur with other species 
treated in the same manner, but renders the possi 
bility remote. The amino acid patterns of extracts 
prepared by direct extraction with 70°, 
were identical to those obtained from extracts pre 


ethanol 


pared by more critical methods from the respective 
species 

Several ninhydrin-positive spots were observed 
which could not be identified. Chromatographic 
analyses showed these spots were not hydroxypro 
line, a@-aminobutvric acid, methionine, 
cysteine, ornithine, citrulline, carnosine, 
pipecolic acid, ethionine, ergothioneine, putrescine, 
or tyrosine 

In order to establish the presence or absence of 
amanita one-dimensional ascending paper 
partition chromatography based on the technique 
developed by Block, et was employed 


cystine, 
cadaverine, 


toxims, 


TABLE II 
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Quantities of methanolic extract varying from 50 
to 150 wL. were applied to strips of Whatman No. 1 
filter paper 1 in, wide and 11 in. long. The wash 
liquid was composed of a mixture of methyl ethyl 
ketone-n-butanol-acetone-water (20:1:6:5). 

Amanita toxins are readily detected after spraying 
the strips with 1° cianamic aldehyde in methanol 
followed by exposure to hydrochloric acid vapors, 
or on treatment of the strips with Pauly’s reagent 
Amanita toxins appear as blue to deep violet spots 
with the former reagent (6 Pauly’s reagent re- 
veals the phalloidin and phalloin type toxins as 
yellow spots and the amanitins as red spots (1) 

The results of the chromatographic examinations 
of the Amanita species included in this phase of the 
investigation were interpreted on the basis of the 
findings of Wieland Wieland (1) and Block, 
et al. (2, 6 No evidence of amanita toxins could 
be found in any of the species examined 

Additional strips sprayed with 2°) p-dimethyl- 
aminobenzaldehyde in 1 N hydrochloric acid to de 
tect the presence of indole derivatives which might 
oecur in the mushrooms presented no additional 


those sheets 
porphyria. This chro 
mogenic blue possessing an 
average RK, value of 0.60 \n orange spot exhibiting 
a similar Ry, was observed after spraying with 1% 
aldehyde in followed by ex 
posure to hydrochloric acid vapors, and this spot 
Positive reac 
tions with the two former reagents indicate an indole 
compound. Positive reaction with the latter ind1- 
a phenolic hydroxy group or an imidazole 
A spot with a similar Ry could not be detected with 
ninhydrin 

To establish the identity of this compound, the 
extract was chromatographed with reference com- 
pounds possessing characteristics 
The unknown spot was found to possess the same 


information except in the case of 
spotted with extracts of A 
revealed a 


agent spot 


cinnami methanol, 


appeared red with Pauly’s reagent 


cates 


these chemical 
R, value as bufotenine, and its color reactions were 
identical. Subsequently, the extract 
spotted singly and in combination with bufotenine 
and chromatographed in two additional solvent sys- 
n-butanol-acetic (4:1:5) and 
n-propanol-l N ammonia (5:1 Spraying with p- 


also was 


tems acid-water 


THe OCCURRENCE OF FREE AMINO ACIDS IN THE SPECIES OF Amanita AND Vaginata 


INVESTIGATED 


Amino acid 
Aspartic acid 
Glutamic acid 
Serine 

Arginine 

Alanine 
Glutamine 
Tryptophan 
Valine 
Phenylalanine 
Leucine /isoleucine 
Threonine 
Asparagine 
y-Aminobutyric acid 
Proline 

Histidine 

Lysine 


a1. A. muscaria, 2. A. pantherina, 3. A. gemmata 
8.1 livida 9. V. plumbea 10. V. sp. No. 6411 


Species Investigated 


calypltroderma 
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dimethyvlaminobenzaldehyde and with Pauly’s rea 
gent revealed that the unknown spot was identical 
with bufotenine in both these wash liquids 

To prove that the occurrence of bufotenine was 
not peculiar to the single 
herbarium 
collection No. 20 and 
graphed in exactly the same manner as the other 
extracts employed in this phase of the investigation 


collection of the 
ot 


recent 


species, a speciinen por pryria 


was extracted chromato 


Results of this experiment were in exact agreement 
with those previously obtained for the other speci 
mens of this species 


DISCUSSION 


Results of this 
qualitative free 
examined was not 
mental 


indicate that the 
umino acid content of the species 
iffected by the 
conditions of 


investigation 


varying environ 
habitats 
rhe homogeneity of the various collections was con 
firmed by the fact that 
carpophore 


their respective 


extracts prepared from 


representative single specimens pre 


sented amino identical to 
nulti 
carpophore samples from each collection in a species 


The amino 


patterns that were 
those exhibited by extracts prepared from 
wid patterns ol ill species exhibited a 


striking similarity In most instances, differences 
in their patterns involved merely the presence or ab 


sence of one or two amino acids or ninhydrin-positive 


spots These minor differences may be attributed 
to very slight differences in their genetic constitu 
tion 


he basic differences in the species examined tn 


volve three amino acids, phenylalanine, preline, and 
uminobut vric acid In v-ew of the close botanical 
relationship between species of Vaginata and 


Imanita calyptroderma, the finding of all three of 
icids only in these two groups is par 
Smith (7) has 


that at times the annulus of -1 


these amino 


ticularly interesting pointed out 
calyptroderma is al 
making it difficult to 


members of 


most entirely evanescent, 


distinguish between this species and 


the genus Vaginata, which in turn are separated pri 
marily rhe fact 
that, of all specimens examined, proline was found 
only in A. cal nd in the 


existing 


on the basis of their pileus color 


yptrode rm three species of 


Vaginata supports the botanical concepts 
of these groups 


Equivocal evidence for the existence of proline in 


both A ntherina and A. gemmata is also signifi 
cant. Differentiation of these two species is nor 
mally based on pileus color rhe latter is usually 
more yellow (8 however, intergrades are not 


uncommon 
Discounting histidine and lysine, the presence of 
which was equivocal in all species examined, proline 


was the only amino acid among those identified 
which could not be detected in A. silvicola. Proline 
and aminobutyric acid were both absent in A 


muscaria and A 
proline, nor 
A. porphyria 


aspera, 


while neither phenvlalanine, 


aminobutyric acid was detected in 


Several unidentified ninhydrin-positive spots were 
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observed differences 
Viewed in a standard 
manner with the direction of movement of the first 
solvent in the horizontal position, chromatograms 
of A. pantherina and A. gemmata contained a yellow- 
orange spot immediately below aspartic acid and a 
blue-purple spot 
and 1 


which constituted significant 
in the amino acid patterns 


above asparagine 1. silvicola 
calyptroderma exhibited an extended blue 

rhe three 
above asparagine 1 
reddish-brown spot that located 
which aminobutyric 
have occupied, if present \ 


spot above arginine Vaginata 
showed a blue 


exhibited a 


species 
spot aspera 
was 
close to the acid 
spot 
adjacent to alanine was observed in chromatograms 
of A. muscaria, A. pantherina, A. gemmata, and A 
silvicola. A. porphyria exhibited no ninhydrin 
positive spots that could not be identified as amino 
acids. However, it did show two spots that fluo- 
resced blue and yellow, respectively, under ultra 
violet light and which were positioned above glu 
tamine 


pt sition 


would vellow 


rhe value of the occurrence of these primary plant 
constituents, the amino acids, as an aid in the system 
atic classification of 
fully established by 


clusions must await 


mushrooms has not been 
Such con 
a more extensive investigation 
which should include the quantitative evaluation of 
all the ninhydrin-positive spots revealed in this 
investigation and furthermore should be extended 
to other species of 


this investigation 


Amanita. Specimens of each 
lmanita should be obtained from widely 
separated habitats and subjected to uniform analyti 


eal procedure s 


species of 


On the basis of analytical criteria provided by 
other investigators, no evidence was obtained for 
the presence of amanita toxins in any of the species 
investigated. Methanol extracts of A 
prepared during this phase of the investigation 
showed a spot on the chromatograms which pos 


sessed the properties of bufotenine 


porphyria 


rhe presence 
of this compound has been established with cer 


tainty in one other mushroom, Amanita citrina 
Schaeff. ex S. F. Gray [Amanita mappa (Batsch 
ex Fr.) Quel.| (9 Singer (4) has indicated that 


1. citrina and A. porphyria are very closely related 
on the basis of morphological features 
differences 
mentation 


substantiated 


; the essential 
ire in the type of annulus and in pig 
rhis botanical 
chemically by the 
bufotenine in both species 


close 


relationship is 
occurrence ol 
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Differential Spectrophotometric Titration of Vitamins 
and Drugs in Pharmaceutical Preparations 


By REAL TARDIF 


A recording spectrophotometer and a circulatory cell arrangement is the equipment 
needed for practical application of this differential spectrophotometric titration 


technique. 


The analyst is not obliged to submit the sample to purification proce- 


dures before reading absorbances, as is the case for most spectrophotometric ana- 


lytical methods. 


Versatility with a high degree of accuracy, time saving factors, and 


simplicity of calculations make this technique a readily acceptable analytical tool 


for routine controls. 
as well as mixtures are presented; 


Applications of this method to the analysis of single drugs 
also, a determination of five vitamins (riboflavin, 


ascorbic acid, niacinamide, pyridoxine, and thiamine) from one polyvitamin prep- 
aration. 


‘T= SUBJECT is not entirely a new one. In 

1951 two papers were written by Jones, et al 
(1, 2), of the Administration 
The first paper dealt with theory and discussion, 
the second with 


Food and Drug 


practical applications in pure 
compounds and mixtures of dyes 

In 1956 Schiaffino, et al. (3), published a paper 
which pertained to multivitamin solutions having 
little or no background absorbance 

The present paper deals with pharmaceutical 
preparations of one or more medicinal ingredients 
having background absorbance that cannot be 


neglected without introducing an appreciable 
calculation of their respective 
It is our object to show that the dif 


ferential spectrophotometric titration technique 


error in the 
pe ytencies. 


is a valuable analytical tool for rapid and accurate 
quantitative routine estimations of drugs from 


single or multicomponent formulations 


EXPERIMENTAL 


Equipment.—For our work a Beckman DK-2 
double beam ratio recording spectrophotometer was 
employed. This instrument measures the ratio of 
the intensities of light reaching the phototube. To 
obtain a constant slit width which is automatically 
adjusted by the servo-mechanism, the sample or un 
known solution is placed in the reference cell com 
partment (its composition does not change during 
the assay) while the circulation solvent, with its 
changing composition due to additions of titrants, ts 
placed in the sample cell compartment. For good 
results it is mandatory to have a special cell block 
arrangement (4) through which the solvent solution 
is continually circulated by an all glass pump set-up 
See Fig. 1 


Received September 9, 1960, from the Research Labora 
tories, Frank W. Horner Ltd., Montreal, Quebec, Canada 
Accepted for publication November 15, 1960 

Presented to the Chemical Institute of Canada, 
nual Conference, Analytical Division, Ottawa 
Canada, June 1960 

The author would like to express his appreciation to 
Canadian Laboratory Supplies for putting a Beckman DK-2 
ratio recording instrument at his disposal to carry out this 
investigation; Mr. S. S. Schiaffino and Mr. O. L. Kline for 
their permission to reproduce a figure from their paper (3); 
and Mr. Peter Gill for help in experimental work 


43rd An 
Ontario 


The various parts (cells, valves, flow lines, pump) of 
this glass apparatus are connected by standard glass 
ball joints. The circulation solvent in the beaker 
flows into the sample beam cell by gravity. When 
piston ? of the syringe arrangement moves upward, 
valve 4 opens and valve B closes; the liquid thus 
fills the chamber up to line C. When piston ? moves 
down, A closes and valve B opens; the liquid 
to level D, thus 
going back into the reservoir through line E 

Titration.—Once the circulation of a known 
volume of solvent through the sample beam cell is 
started and the instrument is set at the proper wave 
length range, known volumes of drug titrant solu 
tions of known concentrations are added from the 
burets directly into the circulation system via the 
reservoir until the coucentration is equal to that of 
the sample. At his point, the absorbance difference 
is equa! to zero at all wavelengths, providing there is 
no bau-kground absorbance. From the known vol 
umes of titrants added, the amount of each drug in 
the sample is then easily calculated 

Keeping in mind that at all times the 
photometer shows only the 


valve 


is then forced down from level C 


spectro 
balance of the absorption 
and not the actual absorption of the drug, it can be 
understood that any addition of titrant in excess of 
the titration end point will be characterized by an 
appearance in the opposite direction of the spectro- 
photometric characteristics of the drug 
Demonstration of Technique. 
demonstrating the 
vitamin mixture are given in Fig. 2 
absorbance of a 


Absorbance curves 
titration process for a typical 
Curve A: 
vitamin mixture containing ribo 
flavin, vitamin B,., pyridoxine, niacin, and thiamine 
Visible range (right) and ultraviolet range (left). 
Curve B: riboflavin titrated out in 
visible range ultraviolet range (left) 
Curve C: riboflavin and vitamin By» absorbance 
titrated out. Curve D: riboflavin, vitamin By, and 
pyridoxine absorbance titrated out. Curves E, F, 
G, H: absorbance titration curves for thiamine and 
niacin. Curve |: zero line 
indicating that the 
now titrated out 
absorbance, an 
indicated 


absorbance 
(right), in 


absorbance 
absorbances of all vitamins are 
When this line to zero 
absence of background absorbance ts 


(balance 


is close 


For best results, it is important to know the spec- 
trophotometric absorption curves for each com- 
ponent under investigation and also the influence of 
the pH, temperature, and concentration on their 


stability. With this knowledge, and that of the 
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burettes 


circulation 
solvent | 


magnetic 
stirrer 


ball joint 


Liquid circulation device by air displacement 


the most suit 
able wavelengths can be chosen for each constituent 


background absorbance when possible, 


This is not necessarily the point at which maximum 
absorption occurs, but ts often where there is sig 


nificant absorption, and a minimum interference 


from other constituents in the formulation Using 


this approach, Schiaflino, ef al. (3 
assayed vitamin preparations with an accuracy and 


quantitatively 


precision of 


Application of Technique to Drugs in Pharmaceu- 


tical Forms.—-To illustrate the practicality of this 
technique and the simplicity of the calculations, ; 
few titration processes developed in our laboratories 
for assaving from 
forms in the presence of unknown background ab 


drugs various pharmaceutical 
sorbance are described and discussed 
Spectrophotometric titration process curves for a 
one-drug tablet, 50 mg., are given in Fig. 3. Curve 
\: before titration. Curves B, C, and D: after 
adding 10, 2, and 1 ml., respectively, of drug titrant 
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Absorbance 


350 


ultraviolet 


visible 


+ 


riboflavin 
out 


wevelength in millimicrons 


Titration process for a typical vitamin mixture 


Reproduced from J. Assoc Offic. Agr. Chemists, 


39, 183( 1956 


x 


| 
prosol solution 


16.8 ag./ al.) 


Fig. 3 


solution. Curves E and F: after subsequent addi- 
tions of two l-ml. portions of titrant 

Five tablets were crushed and placed in a 250-ml 
volumetric flask and volume made up with a pH 5.3 
buffer solution. A filtered aliquot was placed into 
the cell. The circulation system 
charged with 200 ml. of the same buffer. The drug 
titrant solution made with the same buffer had a 
16.8 mg./ml 

Specific peaks and valleys for this drug shown on 
curve B have disappeared on curve D, indicating 
that the totality of the differential transmittance has 
been titrated out. Once the spectrophotometric 
characteristic peaks and valleys appear in the op- 
posite direction (dotted area), it is an indication that 
the circulation solvent is now richer in drug concen 


reference was 


concentration 


Titration process curves for a one-drug tablet 


tration than the sample, and the titration end point 
has been passed 

Calculation of the drug potency is simple and 
rapid 


In this expression C concentration in mg./ml 
the drug in titrant added, 7 = volume in ml 
titrant added for a given drug, Ve = volume in ml 
of circulation solvent at start, and Vt = volume of all 
titrants added at time of titration end point for this 
drug 
For this tablet, the calculation of the drug potency 
is as follows 
16.8 XK 13.0 250 
20+13 °° 5 


(Ve + Vt) X diln 
of 


of 


mg./tablet or ml (¢ 


51.3 mg. /tab. 
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The size of the background transmittance at the 
titration end point (curve D) shows the unreliability 
of a direct spectrophotometric reading method for 
the drug in this formulation unless the analyst pro- 
ceeds through long and tedious solvent extractions 
to isolate it from interfering materials 

An excess of 1 ml. titrant clearly indicates that the 
end point has been passed; 0.5 ml. would also be 
measurable. However, one could have doubts as 


to the showing of an additional 0.25 ml. titrant, 
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representing a maximum error of 1.9%; In this 
case a yield of 102.6% of label claim is acceptable if 
the weight variation encountered in manufacturing 
compressed tablets is considered 

Transmittance curves demonstrating the titration 
process of chloramphenicol palmitate in an oral sus- 
pension dosage form are given in Fig. 4. Curve A 
before starting titration. Curves B, C, D, E: after 
additions of 10, 3, 2, and 1 ml., respectively, of 
chloramphenicol palmitate titrant solution. Curves 
F, G: after two 1-ml. subsequent additions 
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Fig. 5.—-Titration process curves for a two-drug tablet without spectrophotometric interference between 
them: caffeine and systral (chlorphenoxamine). 
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Fig. 7 


A 4.06-Gm. sample was diluted to 100 ml. with 
methanol and a 1-ml. aliquot of this latter was then 
diluted to 100 ml. with the same solvent. A filtered 
aliquot was placed in the reference cell. The cir- 
culation system was charged with 500 ml. of meth 
anol. Chloramphenicol palmitate titrant solution 
in methanol has a concentration of 0.51 mg./ml 

Chloramphenicol palmitate shows a strong maxi- 
mum absorbance at 267 my in this solvent Due to 
the large background absorbance in this region, the 
85-325 my region was best suited for spectrophoto- 


Ultraviolet absorbance curves for five hydrosoluble vitamins 


metric titration purposes as its background absorb- 
ance is negligible 

In this selected region curve E shows no maximum 
absorbance and also lies very close to the 100% 
transmittance line. This suggested that the end 
point of the titration had been reached. The excess 
technique is always recommended as confirmation, 
generally eliminating any doubts. An extra 1-ml. 
portion of the titrant (curve F) shows a slight maxi- 
mum build-up in the opposite direction, and a 
second 1-ml. addition increased it markedly (dotted 
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wavelengths 


Fig. 8 


area There was no doubt now as to the end point 
of the titration being at curve E 


OSL 16 LOO 
> 39.0 mg./Gm 
+ 16 4.06 

An excess of | ml. of titrant clearly shows that the 
end point has been passed. Half of this addition is 
still measurable and hence the maximum expected 
error is 1.6°, 

Transmittance curves demonstrating the titration 
process for a two-drug tablet without spectrophoto 
metric interference between them are given in Fig. 5 
Curve A: before starting titration. Curves B, C, 
D, and E: after additions of 22, 8, 6, and 1 ml., 
respectively, of caffeine titrant solution 
and G 


Curves F 
after subsequent additions of two |-ml. por 
tions of caffeine titrant. Curve G’: before starting 
Curves H and I: after additions 
of 3.3 and 1.7 ml. respectively, of systral titrant 
solution. Curves J, K: after two subsequent addi 
tions of 1.0 ml. of same titrant 


systral titration 


Five tablets were crushed and transferred into a 
500-ml. volumetric flask with a 10°, buffer solution 
pH 2.2. A 3-ml. aliquot was diluted to 100 ml. with 
the same solvent and then filtered before being placed 
in the reference cell. The circulation system was 
charged with 200 ml. of the same solvent. Titrant 
solutions of 0.1 mg./ml. caffeine and 0.25 mg./ml 
systral were used 

Curve E shows no maximum transmittance at 272 
my (caffeine maximum), indicating that the caffeine 
concentration is similar in both sample and circula 
tion solvent Being on the 100°, transmittance line 
it also indicates an absence of background transmit- 
tance in this region, and is the caffeine titration end 
point 


0.1 37 & «100 
= 


—— 52.3 mg. caffeine /tab 


With the same sample solution and circulation sol 


Titration process curves (visible range) for riboflavin in a polyvitamin emulsion 


vent, the instrument is adjusted to a higher sensi 
tivity before starting the spectrophotometric titra 

tion of systral in the 240-220 my range 
To evaluate the titration end point, the analyst can 
trace imaginary lines under or above each titration 
curve (dotted area) in the systral region (222-232 
mu). Once the titration end point is passed, the 
lines (cords) change position, being below the arc 
before reaching the titration end point and above it 
once the sample is over-titrated. For this sample 
the titration end point lies between curves I and K 

at 5.5 ml. of systral titrant solution 

100 

+ 37 + 5.5 5x3 


19.3 systral/tab 


For a one-drug titration or for the first drug ti- 
trated from a mixture, 7 and Vt numerical values 
are generally the same: for caffeine, T and Vt = 37 
For any subsequent drug in this mixture, titration 
numerical values are different: systral, T = 5.5 and 
Vt = 37 + 5.5 

An 0.5 ml. excess of caffeine titrant might not be 
accurately measurable in per cent transmittance dif- 
ference, meaning a maximum error of 1°) in the 
assay results. For the systral assay an 0.5 ml. ex- 
cess is spectrophotometrically measurable but might 
not be for half this quantity. This would mean a 
maximum error of 4.5% in the assay results 

Transmittance curves demonstrating the titra 
tion process for a two-drug tablet (pyridoxine hydro- 
chloride, 15 mg., and dimenhydrinate, 50 mg.) with 
spectrophotometric interference between them are 
given in Fig.6. Curve A: before titration. Curve 
B: after addition of 13 ml. of dimenhydrinate ti- 
trant solution. Curves C, D: after additions of 7 
and 1 ml., respectively , of pyridoxine hydr« chloride 
titrant solution. Curve E: after another addition of 
dimenhydrinate titrant solution, 0.3 ml 

Three tablets were crushed and transferred into a 
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0.75 mi. Ascorbic acid 
(0.4 mg. mi) 


Pyridoxine 
range 


Pyridoxine solution 
).05 mg. mi 


transmittance 


Thiamine solution 
(0.25 mg. mi 


12.2 mi. Ascorbic acid 
(2.0 mg. mi) 


| 


230 wavelengths 240 250 260 


Fig. 9.-Titration process curves (ultraviolet range 


500-ml, volumetric flask and made up to volume 
with 10°, ethanol A 10-ml. aliquot was diluted to 
100 ml. with a 10°; buffer solution, pH 3.5 After 
filtration it was placed in the reference beam cell 
The circulation system was charged with 200 ml. of 
the same buffered solvent. Titrant solutions of 
0.25 mg./ml. pyridoxine and 0.5 mg./ml. dimen- 
hydrinate, both in 0.1 N hydrochloric acid, were 
used 

In the 240-270 my range, curve B shows most of 
the dimenhydrinate transmittance difference ti 
trated out and its interference in the pyridoxine 
region, 290-320 my, is thus eliminated (dotted area) 
On curve D at 290 my there is no maximum trans 
mittance difference left for pyridoxine which indi 
cates that the concentration is similar in both sample 
and circulation solvent Being on the 100°, trans 
mittance line indicates an absence of background 
transmittance in this region, and the remaimuing 
dimenhydrinate transmittance difference contribu 
tion is nil in this pyridoxine shoulder region (300-320 
mu). Once an extra 0.3 ml. of dimenhydrinate solu 
tion is added, appearance of maximum transmittance 
build-up in the opposite direction is noticed. The 


270 2 


for ascorbic acid, niacinamide, pyridoxine, and thia 
mine in a polyvitamin emulsion 


8 


0 290 300 310 320 


titration end point has now been passed (dotted sur 
) 


face at arrow) and an additional 0.2 ml. would prob 
ably have been enough 


025 xk & 100 
+13+8 °° 3x 10 
15.1 mg. pyridoxine/tab 
0.5 13.2 500 & 100 
200 + 13 +8 +02 3x 10 


49.7 mg. dimenhydrinate/tab 


An 0.25 ml. excess of pyridoxine titrant corre 
sponds to the smallest detectable spectrophoto 
metric difference, thus representing a maximum 
error of 3.1%, For the dimenhvdrinate titrant, 0.3 
ml. excess is detectable Assuming that half of this 
is not spectrophotometrically detectable, a maximum 
error of 1.25°% is then possible 

To visualize the complexity of the analytical 
problem when dealing with a polyvitamin prepara 
tion, absorbance curves for each of the following five 
hvdrosoluble vitamins should be studied: thiamine, 
riboflavin, pyridoxine, ascorbic acid, and niacin- 


amide 
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Figure 7 gives ultraviolet absorbance curves for 
thiamine (11.5 meg./ml 


pyridoxine 


riboflavin (3.8 meg./ml 


(11.5 
ill in 


meg. /mil ascorbic acid 
meg./ml.), and niacinamide (17.7 
0.1 N hydrochloric 


As each specific 


meg. /ml 
icid solution 

ibsorbance pattern overlaps the 
others, the spectrophotometric interference problem 
which faces the analyst can be imagined The prob 


lem is augmented by the relative concentration of 


each vitamin and by the 
contributed by 
formulation 

A 10-ml. aliquot of a polyvitamin emulsion was 
measured and diluted to a 500-ml. volume with 0.1 N 
hydrochloric acid solution; an &-ml 
latter was then diluted to 100 ml 


background absorbance 


inert ingredients present in each 


aliquot of the 
with the same sol 
vent and filtered before being placed in the reference 
cell, The circulation system was charged with 800 
ml, of a 0.1 N hydrochloric acid solution containing a 
corresponding quantity of a blank preparation to 
minimize most of the background absorbance due 
to the base itself 

Transmittance curves ( visible range) demonstrat 
ing the titration process for riboflavin in a poly- 
vitamin emulsion are given in Fig. 8. Curve A: 
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IMAGINARY 
100% 
BASE LINE 


Evaluation of ascorbic acid titration end point 


before titration. Curves B, C, and D: after addi 
tions of 10, 5, and 5 ml., respectively, of riboflavin 
titrant solution (0.03 mg./ml Curve E: after a 
subsequent addition of 1 ml. of riboflavin solution 

In the 450-500 my region, curve D shows that the 
riboflavin titrated out, 
being on the 100°, transmittance line an absence of 
background transmittance in this region ts indicated 
This is the end point of the titration. Curve E 
dotted surface ) a definite maximum trans 
mittance shoulder now appearing in the opposite 
direction, confirming our earlier observations in re- 
gard to the end point of the titration 


maximum transmission is 


shows 


0.08 20 


S00 + 20 


X = 0.46 mg. riboflavin /ml. 
Sx 10 

A 1.0 ml. excess of riboflavin titrant is spectro- 
photometrically measurable: assuming that 0.5 ml 
is not, a 2.5°> maximum error in the assay results 
could be expected 

Spectrophotometric curves (ultraviolet range) 
demonstrating the titration process for ascorbic acid, 
niacinamide, pyridoxine, and thiamine in a poly 
vitamin emulsion are given in Fig. 9. Ascorbic acid 
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titrant concentrated 2 mg/ml diluted 
ing./mil 

Niacinamide titrant O45 mg./ml. Pyridoxine 
titrant 0.05 mg./ml titrant O25 
mg./ml 


Curve A represents the ultraviolet absorbance 
curve after riboflavin titration in visible range 
Curve B represents the absorbance curve alter an 
iddition of 12.2 ml. concentrated ascorbic acid 
titrant The niacinamide maximum at 260 mag, 
originally blanketed by the relatively large amount 
oft iscorbic cid ibsorbance, ts now visible because 
most of the absorbance difference has been titrated 
out. Curves C and D, obtained after respective 
additions of 6 and 0.5 ml. of niacinamide titrant, 
show a complete disappearance of absorbance due to 
niacinamide This is the niacinamide titration end 
point 


O45 6.5 100 & SOO 
832.2 + 6.5 sx 10 


2.18 mg. niacinamide /ml 


Phe last addition of 0.5 ml. of niacinamide titrant 
was spectrophotometrically measurable: 0.25 ml 
might not be Under this condition a maximum 
error of 3.86, can be expect d in the assay results 

At this point it is essential to leave the titration 
ind to comment on an important feature of the 
Beckman DK-2, the “operating range switch,’’ with 
out which we would have been at a loss to continue 
the assay of this polyvitamin emulsion for the remain 
ing spec trophotome tric differential interference bal 
ince of ascorbic acid, pyridoxine, and thiamine 
rhe function of this device is to expand or compress 
either transmittance or absorbance For example, 
the whole area between curves D'D” and E’ repre 
sents the lower narrow dotted area between curves D 
and E at an expanded range 90-110°, transmittance 
instead of an original 0.3 to +0.7 absorbance 
range, a tenfold expansion of the lower dotted area 
It is an ingenious device and to fully appreciate its 
importance requires experience in working with it 

Continuing the titration in this expanded absorb 
ance range, curve D now becomes curve et gh 
representing the resultant absorbance curve alter 
the complete titration of riboflavin, niacinamide, and 
most of the ascorbic acid 

Curves F and G: after respective additions of 0 75 
mi. and 0.5 ml. of diluted ascorbic acid titrant 
Applying the excess technique, a subsequent addi 
tion of 0.15 ml. of same titrant shows a build-up of 
maximum transmittance 


the opposite direction 
(curve H The titration end point has now been 
passed (lined area 

To evaluate the ascorbic acid end point the analyst 
must visualize a spectrophotometric Utration pic 
ture, as shown in Fig. 10 An imaginary 100°, base 
line (broken line) is drawn through the expected end 
point titration, curve G The movement of the 
diversion points X, Y, and Z also help in this evalua 
tion Diversion point X moved left to point Y be 
fore the titration end point was re iched and, once 
this was passed, moved to the right from poimt Y to 
pot Z 


(2 12.2) + (0.4 X 1.25 100 500 
838.7 + 1.25 8 x 10 
18.53 mg. ascorbic acid /ml 
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An 0.2-ml. portion of diluted ascorbic acid titrant 
showed a measurable spectrophotometric change in 
its differential transmittance: expected maximum 
error is 

Working in the pyridoxine range (200-310 my 
this portion of curve D’’ represents the resultant dif 
ferential transmittance before commencing the 
titration of pyridoxine. Curves I, J, and K: after 
additions of 3, 3, and 0.5 ml., respectively, of pyri 
doxine titrant. Curve L: after three subsequent 
additions of 0.25 ml. (0.75 ml. total) of same titrant 
Dark area shows definitely an over-titration of the 
end point which is indicated by a transmittance 
maximum build-up in the opposite direction 


0.05 * 6.5 100 & SOO 
840.1 + 6.5 Sx 10 


0.24 mg. pyridoxine /ml 


An excess of 0.5 ml. of pyridoxine titrant is a 
measurable transmittance change half of this 
quantity would not be. Expected maximum error 
could then be 3.8°, 

Curve L in thiamine range (270-285 my) repre 
sents the resultant differential absorbance before 
starting the titration of thiamine. Curves M, N 
and E after additions of 1, 0.5, and 0.25 ml., 
respectively, of thiamine titrant solution. Curve 
E’, being partly on the 100°, transmittance line, 
indicates the end point of the titration and an equal 
transmittance between the sample and the circulat 


ing solvent 


0.32 mg. thiamine/ml 


An 0.25-ml. aliquot of thiamine titrant shows 
enough transmittance change to consider that half 
of this aliquot would still be measurable \ssuming 
that one-fourth of it would not be, the maximum ex- 
pected error would be 3.6 

Analytical report and calculations for this poly 
vitamin emulsion are shown in Fig. 11 When titra 
tion operations are reported as shown, calculation of 
the potency of each vitamin is very simple. Yields 
obtained from 97.5 to 104.5, are acceptable for any 
routine control analytical method if the variability 
of the pharmaceutical formulation and the short time 
required for the assay are kept in mind 


CONCLUSIONS 


A differential spectrophotometric titration 
technique has been successfully applied to the 
quantitative determination of vitamins and other 
drugs in various pharmaceutical forms The 
advantages of such a technique can be sum 
marized as follows. 

|. With appropriate dilutions of the samples 
and concentrations of the titrants, accurate assays 
can be done without precise determination of the 
absorbance 

2. It is much easier to obtain information 
from differential absorbance than from any other 
spectrophotometric analytical method of calcula- 
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tion. Complex simultaneous equations required 
from 


spectrophotometric readings are no longer neces 


in providing quantitative results direct 


sary 


3. Since the results are calculated from 


taken at 
dence in the reliability of the final result is con 


measurements all wavelengths, confi 


siderably increased 
1. It isa time-saving technique with a degree 
of accuracy comparable to chemical or microbial 
analytical methods 

5. This technique is more suited to pharma 
ceutical control than to regulatory laboratories 
However, end points can be evaluated easily and 
accurately in the presence of background absorb 
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ance, even when its nature is unknown to the 
analyst 
Now that 


more readily available in various models and price 


recording spectrophotometers are 


ranges, it is our conviction that this analvtical 


approach holds real promise and will be used in 


most control laboratories, pharmaceutical and 


otherwise 
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Technical Articles___ 


Use of Tyloxapol as an Emulsifier 
Sterility Test for Oils 


By WALTER V. RYGIELt 


Fluid thioglycollate medium was modified by the addition of 2.5 per cent (w/v) of a 


nonionic detergent for the purpose of testing oils. 


This mixture was dispensed in 


500-ml. Erlenmeyer flasks containing a Teflon-covered magnetic bar for agitation 


purposes. 


This modified medium was compared with dextrose-saponin broth and 


found to possess definite advantages. 


CURRENT accepted methods of testing 


other 


ophthalmic ointments and oily ma 


terials for sterility are generally inadequate and 


in many cases may not give a true bacteriological 


picture of the product being tested. This short 


coming has prompted the search for a more 


satisfactory method of testing, using a liquid 
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medium containing an emulsifier. The particular 
This 


but 


emulsifier studied was tyloxapol.! non 


ionic surface-active agent is slowly freely 


soluble in water. It is soluble in oil and glycerin 
and the aqueous solution foams when shaken 
It is well tolerated by cell surfaces, as shown by 
the absence of hemolysis of red blood cells, which 
makes this emulsifier particularly acceptable for 
this investigation (1) 


EXPERIMENTAL 


Fluid thioglycollate medium, hereafter designated 
T.M., was chosen because it is the currently 
accepted U.S.P. sterility medium. The proposed 
method of utilizing the emulsifier in F.T.M. includes 
Teflon-covered magnetic stirring bar for 
immiscible The bar was 


as F 


the use of a 


dispersion of the phase 


Marketed as Superinone, which is oxyethylated terti 
aryocty!phenolpolymethylene polymer, by Winthrop Labora 
N.Y 


tories, Special Products Division. New York 
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placed into the 500-ml. Erlenmeyer flask in which 
the medium was dispensed in 120-ml. amounts. The 
bar was autoclaved with the medium and remained 
in the flask for the test interval, and was used for 
daily agitation and mixing purposes 

To determine the proper “‘use’’ concentration of 
tvloxapol experiments were performed in which 
varying concentrations of tyloxapol in F.T.M. were 
checked for clarity and organism viability It was 
found that tyloxapol used in a concentration of 2.0 
to 2.5% (w/v) yielded a solution of excellent clarity 
and good emulsifying action. A 5.0°, concentration 
settled out and was therefore considered impractical 
The pH of the tyloxapol-F.T.M. mixture ts 7.1, 
the same as that of plain F.T.M 

Extensive work was done with organism via 
bility in the tyloxapol-F.T.M. medium. Cultures 
were obtained? which were used for testing growth 
promoting qualities of F.T.M. The organisms 
tested were: Bacillus subtilis, Clostridium novyt, 
Clostridium sporogenes, Diplococcus pneumoniae type 
V, Proteus vulgari 
organism designated as M-38. Culture dilutions 
ranging from undiluted to 10°” were added to 
F.T.M. with varying concentrations of tyloxapol 
and to F.T.M. without tyloxapol. The growth re 
sponses may be seen in Table | 


Staphylococcus aureus, and an 


TABLE |.--ORGANISM VIABILITY IN TYLOXAPOI 
F.T.M. MIXTURE 


Culture F._T.M. Containing 
Dilution No 
1.0-ml Tylox 
Inoculum apol 0.5% 2.0 
Undiluted G G G G 
10>? G G G G 
lo~* G G G G 
Ww G G G G 
1078 G G G G 
G G G G 
Diplococcus pneumoniae type V grew as follows 
Undiluted G G G G 
G G G G 
1oO~* G G G G 
G G G G 
G G G G4 
G NG’ NG NG 


* G, Denotes growth + NG, Denotes no growth At 
forty-eight hours # At five days At seven days 


H. D. Vera also did viability tests on the tyloxa 
pol-F.T._M. medium using as test cultures Escherichia 
coli, Clostridium acetobutylicum, Clostridium chauvoet, 
Candida albicans, and three organisms bearing the 
designations: M-47, M-56, and M-60. All of these 
organisms frequently show evidence of toxicity 
from substances which are added to F.T.M. Her 
procedure was similar to that followed by this 
laboratory. The following organisms showed growth 
within three days: Staphylococcus aureus, Bacillus 
subtilis, Clostridium sporogenes, Clostridium novyi, 
Proteus vulgaris, and M-38. Forty-milliliter amounts 
of medium were used 

The te .c results from each laboratory indicated 
that when tyloxapol was mixed with F.T.M., the re 
sulting medium was not toxic to the organisms 
tested (2) 


* Through the kindness of Dr. Harriette D. Vera of the 
Baltimore Biological Laboratory 
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A “use test’? was devised in which various oils 
were contaminated with six aerobic-type organisms 
The procedure was as follows: oils to be used were 
dispensed in 10-ml. amounts in screw cap vials 
These were then heated in a dry oven to take care 
of any incidental contamination Twenty-four 
hour cultures were diluted 1:100 in sterile distilled 
water, 0.1 ml. of this dilution was placed in the vial 
containing oil The final dilution of the culture 
was therefore 1:10,000. This culture-oil mixture 
was shaken for five minutes. The contents of the 
vial were then emptied into a flask containing the 
sterile tyloxapol-F.T.M. medium and stirring bar 
and agitated for about three minutes with a mag 
netic mixer. The flask was incubated at 31° for 
seven days. The organisms and the oils used are 
shown in Table II. The culture-oil mixture was 
placed into 120-ml. tyloxapol-F.T.M. medium 


TABLE II AEROBIC ORGANISMS IN AN OILY 
ENVIRONMENT 


Mineral Corn Sesame 

oi oi Oi 
Bacillus subtilis G* NG?’ NG 
Escherichia coli G G G 
Sta phyloc OccUus Aureus G G G 
Pseudomonas sp G NG G 
Pseudomonas sp. (local G G G 
Proteus vulgaris G G NG 


» G,. Denotes growth in flask + NG, denotes no growth 
in flask 


The final experiment consisted of a comparison 
between tyloxapol-F.T.M. and F.T.M. alone to 
determine spore germination from three kinds of oil, 
see Table III Spores of the aerobic organism 
Bacillus globigiit were harvested from trypticase soy 
agar with added manganese sulfate (10 ml. of a 10°; 
solution per L. of agar). These were heat-shocked 
at 80° for fifteen minutes, stored in distilled water, 
and refrigerated. Sterility tests on the refrigerated 
solution were positive and a loopful of suspension 
contained an average of 13,750,000 spores 

When used for inoculation of the oils a loopful 
was twice diluted by 100 to arrive at a count per 
loopful of approximately 1,375 spores 

Five, ten, and twenty-milliliter amounts of sterile 
oils were inoculated and tested in both media. The 
culture-oil mixture was shaken on a shaker for five 
minutes and then placed into flasks. The flasks 
were incubated at 31° 

Surface tension measurements were taken to 
demonstrate the probable effectiveness of emulsifi 
cation or dispersion of the tyloxapol-F.T.M. mix 
ture and dextrose-saponin broth. The latter was 
used as a basis for comparison because at one time 
it was recommended by the National Institutes of 
Health for the testing of oils (3). Before attempting 
this comparison of surface tensions, however, several 
factors were taken into consideration regarding oil 
in water emulsions to see if the method had merit 
A brief discussion follows: It is assumed that the 
number of organisms which can be detected or ex- 
tracted from an oil phase will be dependent upon 
the total surface area of the oil-water interface 
This in turn will be proportional to the amount of 
the dispersion or inversely proportional to the size 
of the oil droplet during the mixing. Thus, inter- 
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TABLE II1.—-Comparison OF GrowTH OF Bacillus globigit SPORES IN 


Hours 24 
Loopful in 5 ml. liq Corn oil G* 
Petrolatum G 
Sesame oil G 
Loopful in 16 ml. liq Corn oil G 
Petrolatum NG!’ 
Sesame oil G 
Loopful in 20 ml. liq Corn oil G 
Petrolatum G 


Sesame oil G 


G, Denotes growth »* NG, Denotes no growth 


facial tension comes into play (4). The interfacial 
tension varies with the type of oil tested and will 
generally be less than the larger of the two surface 
tensions; i. e., oil and medium. In the comparison 
of the two media with respect to a given oil there 
fore, the contribution of each to interfacial tension 
is roughly proportional to its surface tension. Hence, 


it was decided to use a comparison of surface ten 
sion measurements to test this contribution of each 
medium with its respective emulsifier These 
measurements were made with a DuNouy tensiom 
eter. The data may be seen in Tables 1V and \ 

In order to determine if there was any variation 
of surface tension with tyloxapol concentration, an 
experiment was performed where various dilutions of 
tyloxapol were prepared and their surface tensions 
measured. Table VI demonstrates that surface ten 
sion varies inversely with the concentration of tylox- 
apol, but only slightly over a 250-fold concentration 
range 


TABLE I\ COMPARISON OF TYLOXAPOL AND 
SAPONIN 1°, AQUEOUS SOLUTIONS 


Dynes/cm 


Tyloxapol 1°, solution 37.9 
Saponin 1°; solution 13.7 
Water vs. air at 25 71.9 


TABLE \ COMPARISON OF COMPLETE MEDIUM 
WITH TYLOXAPOL AND SAPONIN IN THEIR USUAI 
CONCENTRATIONS 


Dynes, cm. 


Tyloxapol-F.T.M., 2.5%, 39.3 
Dextrose-saponin, 0.5", 47.7 
Water vs. air at 25 71.9 


TABLE V1.—-TyLoxapoL CONCENTRATION AND 
SURFACE TENSION 


Concentration of Surface Tension 


Tyloxapol, Dynes /cm 
45.6 
0.10 41.1 
0.25 38.9 
40 3808 
100 38.1 
2 38.8 
Water 73.5 


* Measurements carried out at 26)°, data are the average 
of two or more determinations 


TYLOXAPOL-F.T.M. AND F.T.M. ALONE 


F.T.M. Alone 
is 


Tylexapol-F.T 
48 72 96 24 8 96 
G ; G G G G G 
G G G G G G G 
G G G G G G G 
G G G G G G G 
NG NG NG G G G G 
G G G G G G G 
G G G G G G G 
G G G G G G G 
G G G G G G G 


RESULTS AND DISCUSSION 


In a search for a better method of bacteriological 
testing of oils and perhaps ointments, tyloxapol has 
been studied as an emulsifying agent. It was found 
to have no apparent deleterious effects upon the 
bacteria tested; and it might even be suggested 
that growth in general for most of the bacteria was 
enhanced by the incorporation of tyloxapol into 
F.T.M. due to its wetting properties. Fluid thio- 
glvcollate broth, the U. S. P. sterility medium, is 
thus modified by the addition of 20 to 25 Gm. of 
tvloxapol per liter 

From Table VI it is evident that there is no ap- 
preciable difference of surface-tension measure 
ments betweer «he 1.0 and 2.5, concentrations of 
tyloxapol. This might suggest using a 1.0% con- 
centration in F.T.M., however, the 2.5; level con- 
tinued to be the concentration of choice because of 
the previously collected data regarding clarity, pH, 
and nontoxicity 

\fter having established that the tyloxapol- 
F.T.M. mixture was nontoxic, that the pH was not 
altered, and that complete anaerobic conditions 
apparently did not exist when a contaminated oil 
is tested; a measure of the emulsification was sought 
Comparison was made with another medium, dex- 
trose-saponin broth, also used for the testing of oils, 
by measuring the surface tensions of respective 
tvloxapol and saponin solutions 

The following observations are made in Tables IV 
and V, where the surface tensions of tyloxapol and 
saponin solutions are compared: (a) tyloxapol on 
an equal per cent basis tends to lower the surface 
tension more than saponin, (}) at the concentrations 
where tyloxapol and saponin are used in their com- 
plete mediums, tyloxapol lowers the surface tension 
more than saponin does, showing no appreciable ef- 
fect of the other ingredients upon surface tension. 

The actual preparation and testing procedure 
with the tyloxapol-F.T.M. medium has been carried 
out in the following manner: The medium (120 ml.) 
is dispensed into a 500-ml. Erlenmeyer flask along 
with a Teflon-covered magnetic stirring bar. The 
flask is then plugged and sterilized. The material to 
be tested is added to the flask aseptically and agi- 
tated for three minutes on a magnetic stirring 
motor. The flask is incubated at 31° for forty-eight 
hours after which a 1.0-ml. subculture is placed into 
tubes containing 40 ml. of plain F.T.M. Another 
1.0 ml. subculture is made after five days of incuba- 
tion. The original flasks are incubated for seven 


days. Subculturing is carried out since a haziness 
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exists after a sample has been agitated. The original 
medium will become a dull yellow color when there 
is contamination present 

The advantages of this method are as follows 


a) a larger quantity of sample may be tested; (4 
the liquid medium used is officially prescribed for 
other sterility work c) the modified medium 


possesses a lower surface tension than dextrose 
saponin broth; (d) the medium possesses an original 
clarity not found in dextrose-saponin broth; (¢ 
the use of a liquid medium will dilute any pre 
servative in the sample f) the test is inexpensive 
to run, no elaborate apparatus is necessary 


SUMMARY 


An officially recognized sterility medium has 
been modified by adding to it an emulsifying 
agent, tyloxapol 

l The modified medium possesses better 
clarity and lower surface tension than dextrose 


saponin broth 


Journal of Pharmaceutical Sctences 


2. The test method used with the tyloxapol 
F.T.M. medium is simple; it enables oils to be 
tested in larger quantities and has been found to 
be reliable 

3. This study is considered as exploratory in 
regard to nonionic surface-active agents. There 


are undoubtedly other agents which may have 


the desirable qualities of tyloxapol and should 
be studied in an effort to find a better method to 
test the sterility of oils 
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Notes 


lodinated Polystyrene Dispersions for Reticuloendothelial 
System Studies 
By ROBERT J. DUMMELt and GRACE M. DUMMEL 


Crosslinked polystyrene dispersions were prepared for use in studies of the reticulo- 


endothelial system (RES). A technique for labeling the polymer with radioactive 
iodine was developed. A further technique of incorporating nonradioactive iodine 


UANTITATIVE measurements of the rate of 
phagocytosis of colloidal particles by the 
reticuloendothelial system (RES) have been mack 


using colloidal carbon and colloidal radioactive 


chromic phosphate l Radioactive dispersions 
permit quantitative studies of the pattern of localiza 
tion of injected colloids However, the broad par 


ticle size distribution and indefinite colloidal struc 
ture of most available dispersions are disadvanta 
geous for quantitative studies 

Emulsion polymer dispersions provide a mort 
nearly ideal material for RES studies. The particles 
are uniformly spherical, stable without added pro 


tectant, and relatively inert Dispersions may be 
prepared having extremely uniform particle size 
distribution, with particle size averages ranging 


from 2 to OL.O1 gw (2 
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into the polymer for radiographic opacification studies was explored. 


Nonradivactive polystyrene dispersions have been 
used to study the metabolism of leucocytes (3 A 
tritium-containing polystyrene dispersion has been 
used to study the effect of intracellular radiation on 
phagocytes (4 Fluorescent dispersions of methyl 
methacrylate polymer have been used in RES 
studies (5 

One of the goals of this research was the develop- 
ment of a colloidal X-ray contrast agent for opacifi 
cation of the liver and spleen (6 The crosslinked, 
microgel structure (7) of the styrene divinylbenzene 
copolymer particles permits the preparation of de 
rivatives in organic solvents without the destruc 
tion of the original particles. A dispersion of poly 
mer particles containing a sufficient per cent by 
weight of a radiopaque element, such as iodine, 
should function as a model intravenous hepatolieno- 
graphic contrast agent 


EXPERIMENTAL 


Radioactive lIodination of Divinylbenzene. 
lodine containing iodine'*' was allowed to react with 
the commercial product DVB-55 (Dow Chemical 
Co.), a mixture of the isomers of divinylbenzene 


= 
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(55°( ethylvinylbenzene, and diethylbenzene. The 
fraction of iodine that reacted with divinylbenzene 
to give diiodoethylvinylbenzene was available in 
a comonomer. With a very large excess of divinyl- 
benzene over iodine, most of the iodine would be 
expected to react in this fashion 

In a separatory funnel was placed, in the follow 
ing order, DVB-55 (1.0 ml sodium radioiodide' 
(0.1 to 4.0 ml.), sodium iodide (0.01 M, 0.5 ml.), 
potassium iodate (0.01 M, 0.3 ml.), and sulfuric 
acid (0.5 M, 0.2 ml The mixture was shaken at 
intervals for several hours and allowed to stand one 
day until the color of iodine was no longer apparent 
The aqueous phase was removed and the product 
was washed with sodium hydroxide (0.1 M, 10 ml 
and with distilled water. The washed product was 
mixed with stvrene (9.0 ml 

Emulsion Polymerization...A_ radioactive dis 
persion was prepared by copolymerizing styrene and 
radioiodinated divinylbenzene The reaction was 
carried out in a two-piece, three-necked, 50-ml 
reaction flask (Kontes Glass Co.) equipped with a 
Vibromixer, reflux condenser, inert gas inlet, water 
bath (95-98 
flask was placed a solution (50 ml 


0.033‘ 


. and two graduated syringes. In the 
containing 
sedium bicarbonate and 0.066°, sodium 
bis(tridecv] jsulfosuccinate.? Five milliliters of the 
catalyst, 04°, ammonium persulfate, was added 
initially ren milliliters each of the monomer mix 
ture and the catalyst solution were added from sepa 
rate syringes in portions of 0.i ml. per minute \ 
final five ml. of catalyst solution was added, and the 
mixture was agitated aad heated for an additional 
two hours 
was obtained after decantation from a small amount 
of hard crust, and filtration through silicone-treated 


\ homogeneous and stable dispersion 


filter paper. The dispersion was dialyzed in cel 
lulose acetate tubing with hot flowing tap water for 
six hours, followed by cold distilled water overnight 
Under the microscope, each of the dispersions pre- 
pared by this procedure appeared very umilorm, 
with particle size averages ranging from 2 to 0 5 pu 

The amount of radioactive iodine added to the 
divinylbenzene was calculated to yield a final prod 
uct containing about luc. per ml. Radioactivity 
was assaved with a well-type scintillation counter 
The average amount of radioactivity counted in the 
final dispersions was 47°, of the initial radioactivity 

Exploratory Animal Injections.._One sample dis 
persion containing 14°; solids was injected into the 
tail vein of 10 mice in single 0.5-ml. doses. All 
animals survived After seventy-two hours the 
liver, spleen, and lungs were homogenized and as 
saved. The radioactivity measured was 62.9 + 5.5‘, 
of the injected dose, distributed 56.5 + 6.8%, to 
the liver, 5.4 + 0.6%, to the spleen, and 1.1 + 0.3%, 
in the lungs 

Iodination of Polystyrene Particles. Styrene 
divinvlbenzene emulsion copolymer was prepared 
by the procedure described above, without todin 
ation of the divinylbenzene Phe product was then 
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reacted with iodine by an aromatic substitution 
method (8). Dried polymer powder (10.4 Gm.) 
was dispersed in acetic acid (50 ml.) and treated 
with iodine (1.27 Gm.) and nitric acid (16 N, 6.7 
ml.). The product was a pale yellow powder con- 
taining 7.37°) by weight of iodine. The powder 
could be partially resuspended in water. The X- 
ray opacity of the powder was identical to an amount 
of iodinated vegetable oil® containing an equal 
weight of iodine 


DISCUSSION 


The technique of smal! scale emulsion polymeriza- 
tion permits the convenient preparation of particles 
of uniform size and composition for animal studies of 
the RES. The particle size may be varied by chang 
ing the concentration of surface-active agent The 
addition of iodine’ in divinylbenzene is a simple 
and convenient means of incorporating a radioac 
tive tracer. Crosslinked particles, prepared using 
divinylbenzene, are unusually stable in shape and 
Although the cross 
linked particles cannot be dissolved in a nonreact 
ing solvent, they swell sufficiently to allow reactive 
chemicals to diffuse in and effect chemical modifica 
Such reactions 
are not possible with ordinary linear polystyrene 
Chemical 
modification allows the preparation of additional 
derivatives of crosslinked polystyrene, in particular, 
ion exchange resins. By this means, many chemi- 
cals may be released within the phagocyte in order 
to study the effect on the RES 

Particles containing iodine can be used to ob- 
serve the amount of material and the optimum par- 
ticle size needed to opacify the liver and spleen for 
radiological diagnosis. The material would be per- 
manently localized. 


relatively free of aggregation 


tion, as in the case of iodination 


such as the commercially available latex 


SUMMARY 


1. A radioactive monomer was prepared by re 
acting iodine’ with divinylbenzene 

2 \ radioactive crosslinked polymer dispersion 
was prepared by the emulsion polymerization of a 
mixture of styrene and radioiodinated divinylben- 


zene 


3. Reaction of iodine with crosslinked polysty 


rene particles gave a product contaming 7.57%, 
iodine by weight 
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A method is presented for the determination 
of HLB values and required-HLB values. It 
involves a simple and rapid procedure which 
can be carried out in about one hour. 


i ys EXISTING methods for the experimental de 
termination of hydrophile-lipophile-balance val 
ues of surfactants and required-HLB values of oils 
involve very time-consuming procedures and at 
times yield results whose interpretation is dif 
ficult In the original method of Griffin (1) for the 
determination of the required-HLB value of an oil, 
two emulsifiers of known HLB values are mixed 
in different proportions, so that net values of the 
several combinations span the range in which the 
required-HLB value of the oil is expected to fall 
rhe emulsifier combinations are shaken with equal 
volumes of the oil and water and emulsions thus 
formed are allowed to stand for twenty-four hours 
At the end of this period the amount of phase separa 
tion in each emulsion is measured and the one show 
ing the least separation is judged to be the most 
stable The required-HLB value of the oil is the 
same as the net HLB value of the two emulsifiers 
used in that particular emulsion. (The procedure 
for the determination of the HLB value of an emul 
sifier is the same except for the use of one emulsi 
fier and an oil of known values 

Griffin's method has two drawbacks; (a) it 
takes too long (twenty-four hours) to make the de 
termination, and (6) the results are sometimes dif 
ficult to evaluate if the emulsions formed are too 
stable and do not show significantly different 
amounts of phase separation, or if the emulsions 
formed are so unstable that phases separate rapidly 
and completely making it difficult to note any dif 
ference 

Martin, ef al (2), 
except that in their procedure a lower concentration 


developed a similar method 


of emulsifiers was used and the test emulsions 
were shaken mevhanically and intermittently for 
three days. These changes reduce (but do not 
eliminate) the difficulty in evaluating the results; 
however, the disadvantage related to the time 
consuming aspect of the procedure is increased in 
magnitude 

To overcome these problems a new method has 
been developed that embodies the following ad 
vantages: (a) it is a rapid procedure which can be 
carried out in one hour, (5) the differences in the 
amount of phase separation are easily read, and 
(c) an easily followed, detailed procedure is sug 
gested which would increase the precision of the de 
termination 

The main features of the method involve the 
rapid production of stable test emulsions in a 
blender followed by accelerated phase separation 
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Technique for the Rapid Determination of 
HLB and Required-HLB Values 
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by centrifugation. The following description of the 
method is for the determination of the required 
HLB value of an oil. The same method would apply 
to the determination of the HLB value of surfactant 
except for the use of an oil and one emulsifier of 
known values 


THE BLENDER-CENTRIFUGE METHOD FOR 
REQUIRED-HLB 


1. Two emulsifiers (an oil-soluble Span and a 
water-soluble Tween) are first selected; one with 
an HLB value higher than the expected required 
HLB value of the oil to be tested and the other 
with an HLB value lower than the expected re 
quired-HLB value 

2. Stock solutions of the emulsifiers are pre 
pared, the Span being diluted with the oil and the 
Tween with water Each stock solution should con 
tain 25 mg. of surfactant per Gm. of solution 

3. Two stock emulsions, one with a combina 
tion of emulsifiers giving a high net HLB value 
stock emulsion A), and the other with a combina 
tion of emulsifiers giving a low HLB value (stock 
emulsion B) are prepared as follows: (a) The in 
gredients (i.e., the emulsifiers, water, and oil) are 
weighed into a 120-ml. bottle. The oil phase is 
added first, next the emulsifiers to give a 0.5°7 con 
centration, and finally the distilled water. The 
percentage ratio used between the two phases is 
50:50. (6b) The bottle is capped and the contents 
are shaken five times and then transferred to a 
Waring Blendor. (c) The ingredients are allowed 
to homogenize for fifteen seconds 

4. A-series of emulsions are prepared which cover 
the range of HLB values between the stock emul 
sions A and B by mixing them in varying propor 
tions as follows: (a) the desired amounts of each 
stock emulsion are weighed into a 15-ml. graduated 
centrifuge tube to make a total of 10 Gm. of mixed 


TaBLe VALUES DETERMINED 
USING THE BLENDER-CENTRIFUGE METHOD 


Value Determined by 
Values Blender-Centrifuge Method 
Reported by Emulsifiers 
Oi Griffin Used R-HLB* 


Liquid 10.5 Tween 20) 10.2-10.6 
petrolatum Span20 { 
(Nujol) Tween 85) 10.3-10.5 
Span 20 f 
Tween 85) 10.1-10.5 
Span 8&5 | 
Cottonseed 7.5 Tween20) 7.4- 7.5 
oil Span 80 
Tween 85) 
Span 80 } 
Tween85) 7.2- 7.9 
Span 85! 
Tween20) 12.7-13.1 
Span20 
Tween20) 98 


Span20 | 


7.0- 7.6 


Kerosene 12.5 


Light liquid 10.0 
petrolatum 


* The value lies between the two figures 
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TABLE II 


Emulsions Using Stock Emulsions 
HLB Values - 
s 10.2 10.6 11.0 
Phase Separation, ml 
O.8 
* 


2.8 3 


l 
2 
2 


@ The same surfactants and oil were used in both series. 


emulsion, (6) the tubes are stoppered and shaken a 
few times to ensure mixing of the two stock emul- 
sions 

5. The tubes are centrifuged at 1,500 r. p. m 

6. The amount of aqueous phase separation is 
measured by using the graduations on the tubes in 
ml. at the end of two-minute intervals. Four 
readings are taken for each emulsion and compared 
with other emulsions in the series 

7. The net HLB value of the emulsifiers in the 
emulsion showing the least separation is taken to be 
equal to the required-HLB value 

Table I shows the results obtained when this 
method was employed in determining the required- 
HLB value of liquid petrolatum, light liquid petro 
latum, kerosene, and cottonseed oil 


DISCUSSION 


In the development of this method several varia- 
tions of procedure, different centrifuge 
speeds and different phase ratios were tried. The 
final procedure represents the best combinations 
of such variables. One of the steps taken to shorten 
the procedure two stock emulsions, 
A and B, from which the test emulsions were pre- 
pared over the HLB value range close to the sus 
pected required-HLB value of the oil. In our ex 
periments both of the stock emulsions were quite 
stable. Should one of the stock emulsions prove to 
be too unstable it would mean that the net HLB 
value of the emulsifiers in it was too far from the 
required-HLB value of oil being tested and the 


such as 


was to use 
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~COMPARISON OF RELATIVE STABILITY OF EMULSIONS PREPARED UsInG SrocK EMULSIONS AND 
THOSE PREPARED WITHOUT THE or Stock EMULSIONS* 


Emulsions Without Using Stock Emulsions 

HLB Values 

9.8 10.2 10.6 

Phase Separation, ml 
1.0 0.7 0.9 
1. 1.7 
9 ‘ ‘ 


11.0 ie 


3 2.4 
9 2. 2.8 


stock emulsion should then be reformulated using 
a different proportion of the emulsifiers 

Also a comparison was made as to the amount of 
phase separation in emulsions prepared using stock 
emulsions, and emulsions prepared individually 
without the use of stock emulsions. It was found 
that there were no significant differences between 
the two in determining the required-HLB value of 
an oil (Table II). Because of the similarity of these 
results tt can be concluded that the phase separa 
tion measured after centrifugation was really from 
the combined emulsion system and not merely the 
phase separation of the poorest stock emulsion used 
in the combination. 

It should be mentioned that this work is an at- 
tempt at refining a well established and proved 
method devised by Griffin (1). Tober and Autian 
(3) report that phase separation by centrifugation 
is only one parameter in the evaluation of an emul- 
sion and is not always a true indication of the sta- 
bility of an emulsion system. Consequently, it 
should be stressed that this and similar methods 
should only be employed as screening methods 
It should also be kept in mind that the HLB sys- 
tem is not a precise analytical tool but only a guide 
to emulsion formulation. 
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ELF-STIMULATION of the brain has been used to 
S study local effects of hunger, drugs, and sex in 
the rat (1 
trode with only two contact points and made the 


In his studies, Olds (1) used an elec 


stimulator contact with an alligator clip. The 
electrode was implanted manually without using the 
usual stereotaxic apparatus and atlas As this 
procedure was found to be unsatisfactory for our 
purposes, we designed a new electrode having a con 
tinuous contact with the stimulator connector and a 
modified electrode carrier which allowed accurate 
placement of the electrode in selected brain areas 

rhe stimulator connector is made from the parts 
of a Cinch-Jones plug No. 20028-16' cut as show1 
in Fig. 1 The sides are Micarta board incl 
thick cemented to the plug with epoxy cement 
Connecting wires are soldered to the usual con 
tacts on the plug top 

rhe electrode is constructed as shown in Fig. | 


rhe silver wires,* 0.0L inch in diameter, are silver 


soldered to the printed circuit board. These wires 
ind the solder jomts are insulated by dipping in 
Epoxylite' and baking at 140° for one hour rhe 


2 SIDE PRINTED CIRCUIT 


BOARD 


Construction and Implantation of a New Type Electrode 
for Self-Stimulation by Rats 


By THOMAS J. HALEY, PAUL BACH-Y-RITA, R. DICKINSON, and K. FLYGARE 


amount of insulation needed for the separate wires 
is determined by conductivity measurements, 


usually 10 to 15 coats are necessary The wires 
are then pressed together and tied top and bottom 
with cotton thread and again dipped and baked 
to form one wire as shown in Fig. 1 Afterwards 
the threads are removed. The Lucite electrode 
mount is constructed as shown in Fig. | To obtain 
proper alignment of the electrode, a cementing jig 
was constructed of aluminum bar stock as shown in 
Fig. 2 rhe legs are made of */, inch diameter 
aluminum rod rhe electrodes are inserted in their 
Lucite mounts and placed in the jig 
ment is mixed and allowed to thicken 
clamps, Fig are used to align the electrodes and 
then one is removed and a drop of cement is placed 


Epoxy ce 
The brass 


on one side of each electrode. The brass clamp is 
replaced and the procedure repeated on the opposite 
side After drying for one hour the electrodes are 
ready for use 

The electrode carrier adapter was devised for use 
with the Lab-Tronics stereotaxic apparatus Phe 
vertical extension is constructed from aluminum bar 
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CINCH CONNECTOR SYSTEM 


Fig. 1 Stimulator connector and electrode details 


stock according to Fig. 3 
clamp is made from stainless steel bar stock 
Electrode Implantation. —-A rat weighing between 
200 and 300 Gm. is anesthetized with 40 mg./Kg 
of sodium pentobarbital intraperitoneally and 
placed in the Lab-Troniecs stereotaxic apparatus 
\ midline incision extending 3 cm. caudal from the 
The scalp is retracted 


The horizontal electrode 


eves is made in the scalp 
and the muscles scraped from the parietal ridge 
The brain area to be implanted is selected from 


eit 
y 
32 
op 
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PLACES 


INSERT TwO BRASS / 
steps ‘gt as 
CLAMPS AFTER CEMENT 
1S APPLIED 


Fig. : Electrode cementing jig details 


Olds’ report (1) and the stereotaxic coordinates ob- 
tained from the de Groot atlas (2, 3) The elec- 
trode is cut to size, mounted in the carrier, and in- 
serted into the brain through a hole in the skull made 
with a No. 3 dental drill. The electrode base is 
secured to the skull with three Elgin watch screws 
No. 4283. Two holes are drilled with a No. 5 dental 
burr on opposite margins of the base and two 
No. 1-72!'/, inch machine screws screwed in place, 
being certain that their heads grip the electrode 
base. The entire area is thoroughly dried and then 
covered with dental cement When the cement 
1 P is hard, the electrode carrier which had held the 
electrode rigidly in place during the entire pre cedure 
: a is removed and the wound sutured. The rat is 
omnes PRA Ne ready for training in two weeks. Animals pre 
pared by this procedure have been used for periods 
of eight months with satisfactory results 


% 
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HE INTRODUCTION of 1,2-double bonds into 
‘aon attracted considerable attention since 
the I-dehvdro derivatives of cortisone and cortisol, 
prednisone and prednisolone, showed increased 
antirheumatic and antiallergic activity and pro 
duced less undesirable side effects (1) 

This communication describes a new, rapid, and 
efficient enzymatic method, suitable for the lab 
oratory preparation of l-dehydro steroids. We have 
found that A 4-steroidal 3-ketones are readily con 
verted into the corresponding A 1,4-steroidal 3 
ketones by incubating with cell-free extracts of 
Nocardia restrictus in the presence of an electron 
acceptor such as phenazine methosulfate Several 
methods have been used for the introduction of 1,2 
double bonds into steroids Although satisfactory 
yields of 1l-dehydro steroids are obtained using 
selenium dioxide (2), it is difficult to remove the 
residual selenium which is highly toxic. An addi 
tional double bond at the 6,7-position of steroids is 
often encountered using 2,3-dichloro-5,6-dicyano 
benzoquinone (3) as the dehydrogenation reagent 
Incubation of steroids such as testosterone or pro- 
gesterone with microorganisms (4) often result in 
the complete oxidation of the steroid nucleus with 
out the apparent accumulation of any 1l-dehydro 
steroids. This enzymatic method thus offers cer 
tain advantages over these methods 

Experimental details are given for the preparation 
of 1,4-androstadiene-178-ol-3-one and 1,4-pregna 
diene-118, 17a, 21-triol-3,20-dione to serve as mode] 
systems. The following 1-dehydro derivatives have 
also been prepared in this way, indicating the scope 
of this enzymatic reaction 

1,4-androstadiene-3,17-dione, 1,4-pregnadiene-3,- 
20-dione, 1,4-pregnadiene-17 a,21-diol-3,11,20-trione, 


1,4-pregnadiene-l7a@, 21-diol-3,20-dione, 9%a-fluoro 


1,4-pregnadiene-118,17a@,2 triol - 3,20 - dione, 9a - 
fluoro-1,4-pregnadiene- 118,16a,17a,21 - tetrol - 3,20 
dione 
EXPERIMENTAL 

Growth of the Organism. The organism Vocardia 
restrictus was obtained from Dr. R. Gordon of the 
Institute of Microbiology, Rutgers University, and 
was used throughout this work 

Cells of this organism were grown on the follow- 
ing medium: corn steep liquor, 0.66); ammonium 
dihydrogen phosphate, 0.3%); calcium carbonate, 


0.25°): corn oil, 0.22%; yeast extract, U 25%; glu 
cose, 1°); and progesterone, 0.05%, After seventy- 


two hours of growth at 25°, the cells were harvested 
by centrifugation, washed with 0.3 M phosphate 
buffer (pH 7.0), and stored in a deep freeze 

Preparation of Cell-Free Extract.—Frozen cells 
(10 Gm.) of this organism were suspended in 50 
ml. of 0.038  trishydroxymethylaminomethane 
(Tris) buffer at pH 8.0 or pH 9.5, depending on the 
substrate used in the experiment; 30 Gm. of fine 
glass beads was added and the mixture was homog- 
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Enzymatic Preparation of 1-Dehydro Steroids 


By CHARLES J. SIH 


enized in a Vir-Tis homogenizer at maximum speed 
for twenty minutes, with cooling. The cell-debris 
and glass beads were removed by centrifugation 
at 1000 X g for five minutes. The supernatant 
solution contained approximately LOO mg. of protein 
per ml. This solution was diluted fivefold with 
0.03 M Tris buffer and was used for the preparauon 
of 1-dehydro steroids 

1,4-Androstadiene-17 3-ol-3-one.— To 100 mg. of 
testosterone dissolved in 3 ml. of dimethylformamide 
was added 50 mg. of phenazine methosulfate and 200 
ml, of enzyme protein in 0.03 M Tris buffer, pH 9.5 
The reaction mixture was incubated at 23° with 
stirring for three hours in the dark. The reaction 
was terminated by the addition of 2 N hydrochloric 
acid until strongly acidic, followed by Dowex 5), 
(H+) form, to remove the phenazine methosulfate 
The mixture was filtered to remove the protein 
precipitate and the ion-exchange resin. The filtrate 
was then extracted three times with 50-ml. portions 
of chloroform. The chloroform extract was dried 
over sodium sulfate and concentrated to dryness. 
rhe crystalline residue weighed 78 mg. Recrystal 
lization from ethyl acetate-hexane yielded a sample 
64 mg.) which melted at 167—168°, +23" 
c, 1.0, CHCl); ASS. 243 my (e 16,100); AX“ 
2.96, 6.02, 6.18, and 6.24 yw; reported (5) m.p 
167-168°, [a]*? +21° (c, 1.28, 

Anal.—Caled. for CysHoO.: C, 79.66; H, 9.15 
Found: C, 79.55; H, 8.98 

1,4 - Pregnadiene - 118,17a,21 - triol - 3,20- 
dione.—To 100 mg. of cortisol, dissolved in 4 ml. of 
dimethylformamide, was added 75 mg. of phenazine 
methosulfate and 200 ml. of enzyme protein in 0.03 
M Tris buffer pH 8.0. The reaction mixture was 
incubated at 25° with stirring in the dark for twelve 
hours; the reaction was terminated by the addition 
of hydrochloric acid until strongly acidic to precipi 
tate the proteins. Dowex 50 (H+) form, was then 
added to remove the phenazine methostlfate 
The mixture was filtered and the filtrate extracted 
three times with 75-ml. portions of chloroform. 
The chloroform extract was dried over sodium sul- 
fate and concentrated to dryness. The residue 
weighed 68 mg. Recrystallization from 95% 
ethanol gave a sample (56 mg.) which melted at 
238-240°; [a]* +100° (c, 0.90, dioxane); 
243 mya (e 15,000); 266 6m. 
6.03, 6.18, and 6.24 wu; reported (6) m. p. 240-241°, 
+ 102° (dioxane ) 

inal.—Caled. for C, 69.97; H, 7.83. 
Found: C, 70.12; H, 8.12. 


> 
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Lithium aluminum hydride reduction of 3- 
benzyloxy-N-methylmandelamide followed 
by debenzylation has afforded phenylephrine. 


bie REACTION of an a-haloketone with 2 primary 
aliphatic amine is one that can give rise to con 
siderable tar formation (1). Although this reaction 
is successfully used commercially in the manufac 
ture of phenylephrine (3-hydroxy-a-methylamino 
methylbenzyl alcohol), it is not entirely satisfactory 

As a means of avoiding this step in the preparation 
of phenylephrine, we have developed the following 
route, each step of which proceeds in good yield 
and without tar formation 


CHO CHO 
OH 
1. HCN CHOHCO.CH; 
2 HCI ) 


CH,OH, OCH.C.H, 


CHOHCONHCH 
CH,;NH LiAlH, 
CHOHCH.NHCH 
H 


CHOHCH:NHCH 


OH 


This method would appear to be generally useful 
for the preparation of l-aryl ethanols substituted 
in the 2-position by a monoalkylamine 


EXPERIMENTAL! 
3-Benzyloxybenzaldehyde.—A mixture of 244 


Gm. of 3-hydroxybenzaldehyde and 260 Gm. of 
benzyl chloride in 1,400 ml. of alcohol in which 
46 Gm. of sodium had been dissolved was heated 
under reflux for one hour. The precipitated sodium 


chloride was separated. The solvent was removed 
and the residue distilled to afford 348 Gm. (82°)) 
of pale yellow oil, bo.g 158-155°. The oil crystal- 


lized on standing 

Methyl 3-Benzyloxymandelate.—3-Benzyloxy- 
benzaldehyde (53 Gm.) was mixed with hydrogen 
cyanide (9 Gm.) and 0.5 ml. of saturated sodium 
cyanide solution was added. The temperature 
rose rapidly. Ether (50 ml.) and methanol (10 
Gm.) were added and hydrogen chloride (10 Gm.) 
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! Melting points are uncorrected 


New Route to Phenylephrine 
By PETER B. RUSSELL and SCOTT J. CHILDRESS 


was passed in with cooling. Crystallization oc- 
curred suddenly. The filtered product melted at 


87-92°. It was placed in 500 ml. of water and 
shaken with ether until all had dissolved (ca. one 
hour). The ether extract was washed with water, 


dried, concentrated, and distilled to give 41.5 Gm 
(64°) of methyl 3-benzyloxymandelate, bo. 190 
197 Crystallized from ether, it melted at 76 
78° 

Anal Caled for yO, 70.58; H, 5 
Found: C, 70.40; H, 5.91 

3-Benzyloxy-N-methylmandelamide.—A solution 
of 41.5 Gm. of methyl 3-benzyloxymandelate and 
10 Gm. of methylamine in 100 ml. of alcohol was 
heated for several hours at 70°. The solvent was 
concentrated and the residue was treated with 200 
ml. of ether, giving 35 Gm. (85°) of crystals, 
m. p. 101-102°, unchanged upon recrystallization 
from alcohol-ether 

Anal.—Caled. for CijsHi;NO;: C, 70.83; H, 6.32; 
N, 5.16. Found: C, 70.84; H, 6.24; N, 5.15 

3-Benzyloxy-a-methylaminomethylbenzyl  Alco- 
hol.—Lithium aluminum hydride (29 Gm.) was 
suspended in 600 ml. of tetrahydrofuran and a solu- 
tion of 100 Gm. of 3-benzyloxy-N-methylmandel- 
amide in 200 ml. of tetrahydrofuran was slowly 
added. After refluxing overnight the mixture was 
cooled and water was added cautiously to decom- 
pose the excess reagent. The precipitate was fil 
tered and washed several times with hot solvent 
The filtrates were evaporated to leave 3-benzyloxy 
a-methylaminomethylbenzyl alcohol which upon 
recrystallization from alcohol melted at 103-105° 

Anal.—Caled. for CisH;ysNO-: C, 74.68; H, 7.44 
Found: C, 74.91; H, 7.16 

This product formed a hydrochloride, m. p. 150 
153° (from aleohol-ether). It was also possible to 
obtain a lower melting form, m. p. 138-140°, that 
changed to the higher melting form on resolidifica- 
tion 

Anal.—Caled. for CyeHigNOQc. HCl: C, 65.38; 
H, 6.36; N, 4.77. Found: C, 65.24; H, 6.83; N, 
4.76 

3-Hydroxy-a-methylaminomethylbenzyl Alcohol. 

Twelve grams of 3-benzyloxy-a-methylamino- 
methylbenzyl alcohol hydrochloride in 60 ml. of 
methanol containing 2.5 ml. of 10°) alcoholic 
hydrogen chloride was hydrogenated in the presence 
of 1.2 Gm. of 5°) palladium-charcoal catalyst until 
one equivalent of hydrogen had been consumed. 
The catalyst was filtered, the solvent was concen- 
trated, and ether was added to afford 8 Gm. (96° 7) 
of product (pL-phenylephrine hydrochloride), m. p 
143-145° 

Anal.—-Caled. for C, 53.07; H, 
6.93. Found: C, 53.12; H, 6.79 
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Book Notices___ 


Cahiers de Synthése Organique Véthodes et Tab 
leaux d' Application Vols. 6, 7, and 8 Edited 
by Léon Vettuz. Masson et 120 Boule 
vard Saint-Germain, Paris 6°, France, 1961 Vol 
6, 417 pp., Price 110 NF Vol. 7, 309 pp., Price 
100 NF: Vol. 8, 333 pp., Price 75 NF; all 15 x 


21.5 em 


Volume 6 treats Transpositions under the head 
ings: Rearrangement ol carbon structures, Func 
tional migration between carbons, Functional m 
gration between heteroatoms ind carbon, and Mi 
gration of carbon radi ils between heteroatoms, 
Volume 7 takes up Cyclizations and ts limited to 
Mono-molecular carbocychzation Volume 8 con 
tinues Cvyelizations and discusses polymolecular 
carbocyclization Tabulated data for the cyclic 
compounds are included in volumes 7 and 8 


Crystallization By 7. W. MULLIN Butterworth 
Inc., 7235 Wisconsin Avenue, Washington 14, 
D.C, 1961. ix + 268 pp. 155 & 24.5 em 
Price $11 
The more important aspects ol crystallization 

theory and practice are presented in this book for 
students and working chemists and chemical 
engineers wo chapters are devoted entirely to 
industrial crystallization Tables of solubility and 
heat of solution, and author and subject indexes are 
nded 


The Chemistry of the Terpenes By A. R. PINDER 
John Wiley & Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 1961. vii + 223 pp. 15.5 X 
24.5 em. Price $8.25 
The author has designed this book as a teaching 

textbook and as a reference for information covering 

the area between general textbooks on organic 
chemistry and comprehensive monographs on ter 


penes \ good review reference 


Vultiple-Choice Examinations im Vedicine By 
Toun P. Hupparp and \ CLEMANS 
Lea & Febiger, Washington Square, Philadelphia 
6, Pa., 1961. 186 pp. 13.5 X 19.5 cm Paper 
bound. Price $3.75 
rechniques of preparing and evaluating multiple 

choice examinations are discussed in this book The 

ipplications to medical examinations such as those 
given by the National Board of Medical Examiners 
are authoritative, since W. V. Clemans ts the 

Director of Testing Services for the Board 


Clinical Pharmacology. By D R. LAURENCE and 
R. Mouton. Little, Brown and Co., Medical 
Book Dept., 34 Beacon St., Boston 6, Mass., 1960 
viii + 490 pp. 13.5 X 20.5cm. Price $10 
The authors have designed this textbook for ad 

vanced medical students as a brief solution to the 
problem of combining practical clinical utility with 
some account of pharmacology It can serve also 
as a limited reference for postgraduate students 
and practitioners 
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lournal of Chemical Documentation. Vol. 1, No. | 
January 1961 Published semiannually by the 
American Chemical Society, 1155 Sixteenth St 
N. W., Washington 6, D.C. 96 pp. 21 X 28.5 
em. Price for ACS members $7, for nonmembers 
$10, for one year 
Nothing indicates better the extent of the efforts 
being made to cope with the retrievable documen 
tation of the tremendous store and increase im 
chemical literature than the fact that a new journal 
was required to present the reports ol the documen 
tation specialists. This is another excellent service 
by the ACS 


Standard Methods of Clinical Chemistry. Vol. 3 
Edited by Davip SELIGSON Academic Press, 
Inc 111 Fifth Ave., New York 3, N. Y., 1961 
x + 230 pp. 15 X 22.5cm. Price $6.50 
The subjects included in this volume are Alcohol 

in biological materials, Aldolase, Arsenic in biologi 

cal materials, Ascorbic acid in blood and urine, 

Barbiturate, Assay of catechol amines in urine by 

means ol a strip of rabbit aorta, Catechol amines in 

urine, Chloride, Cholinesterase in human red blood 
cells and plasma, Creatinine and creatine in urine 
and serum, Fibrinogen, Gastric acidity, Hemoglo 
bins, Hydrocortisone in plasma, Lactic acid, Mer 
cury in urine, Phosphohexose tsomerase, Salicylate, 
Sulfonamides, and Transaminase 


Cell Function. By L. L. Langley. Reinhold Pub 
lishing Corp., 430 Park Ave., New York 22, N Wis 
1961. xii + 377 pp. 22.5 X 15 cm. Price 
$7.50 
The subtitle of this textbook is ‘An Introduction 

to the Physiology of the Cell and Its Role in the 

Intact Organism."’ The text is divided into four 

major parts under the headings Functional 

anatomy of the cell, Intracellular activities, In 
tegration of the cell in the total organism, and 

Basic background principles. The latter part is 

mainiv for reference purposes for those who have 

not had sufficient basic courses or who need simple 
review aids 


idrenergic Mechanisms. Edited by J. R. VANE, 
G. E. W. and MAgve O’- 
Connor. Little, Brown and Co., 34 Beacon St., 
Boston 6, Mass., 1960. xx + 632 pp. 13.5 
Price $12.50 
The proceedings of the Ciba Foundation Sym 
posium held March 28-31, 1960, were divided into 
eight sessions under the headings: Formation and 
inactivation of adrenergic transmitters, Storage of 
catechol amines, The adrenergic neurone, Adrener- 
gic mechanisms in man, Actions of adrenaline and 
noradrenaline on the effector cell, Mechanism of 
action of other sympathomimetic amines, Central 


adrenergic mechanisms, and General Special 
sessions were held on Peripheral and Central 
adrenergic mechanisms Author and subject 


indexes are appended 
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